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PREFACE. 


It  has  been  the  pui-pose  of  the  Author  in  the  comiwaition 
of  thia  work  to  lay  before  the  reader,  in  a  clear  and  concise 
manner,  tiie  principles  of  aatroaomy,  developed  and  demon- 
strated in  ordinary  and  popular  language,  capable  of  being 
understood  by  those  who  may  be  possessed  of  an  average 
amount  of  general  knowledge.  Perhaps  at  no  time  more  than 
tlie  present,  when  by  the  influence  of  the  Oxford  and  Cam- 
bridge middle-class  examinations^  the  education  of  the  youth 
of  the  present  generation  ia  receiTing  nnusual  attention,  has 
the  want  been  more  felt  of  elementary  works  on  the  difilrent 
branches  of  ficJentiiic  knowledge,  posscesing  sound  and  rehable 
information  expressed  in  language  attractive  to  the  reader. 
The  study  of  such  works  would  prepare  him  for  more  ad- 
vanced treatises  on  the  separate  sciences. 

In  the  present  edition  of  this  work  the  Editor  Iiaa  endeavoured 
so  to  arrange  the  vmous  sections  of  tlie  science,  a«  to  exhibit 
to  the  inquiring  reader  the  various  movements  and  physical 
peculiarities  of  the  different  members  of  the  solar  system,  with- 
out embarrassing  his  mind  with  mathematical  symbcds;  for 
though  BjTTibolical  explanations  may  seem  to  the  advanced 
student  to  be  a  necessary  adjunct  for  the  proper  elucidation  of 
the  different  problems,  yet  it  not  unfrequently  happens  that 
the  reader,  with  less  mathematiciil  proficiency,  would  altogether 
ffiil  in  the  study  of  this  science,  were  it  not  for  the  assistance 
aiTorded  by  popular  and  elcmentaiy  works  written  in  a  Ian* 
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guAge  comprehended  hj  all.  To  the  student  of  tbe  higher  or 
mathemalical  branchy  of  aatroaomy,  thia  work|  however,  will 
alao  be  found  interesting  and  instnictive^  as  he  will  find 
iiiformati(>n  of  the  moat  valuable  kind  in  it,  fur  much  of  which 
he  may  look  in  vain  in  works  of  higher  pretensiona. 

It  ift  well  known  that  students  may  poaa  through  their 
educational  course  without  acrjuiring  even  a  general  know- 
ledge of  geometry  and  algebra.  To  all  euch  persona,  mathe- 
matical treatises  on  astronomy  must  be  sealed  books.  Such 
Rtudentg,  notwithstanding  their  inability  to  understand  works 
of  that  kind^  may  acquire  a  considerable  acquaintance  with 
this  science,  by  considting  the  various  divisions  of  a  work 
like  the  present,  whicli  though  free  from  the  usual  symlwls 
of  mathematical  e^cplanatious,  is  founded  on  reasoning  mitfi- 
ciently  aatisiactory  and  conclusive. 

The  rapid  Buccesflioa  of  discoveries  by  which  aatronomical 
knowledge  has  been  extended  during  the  last  twenty -two  years 
has  rendered  elementary  works  on  astronomy,  published  pre- 
viouftly  to  1 845,  to  a  certain  extent,  obsolete ;  while  the  in- 
creasing taate  for  the  cultivation  of  the  science,  and  the  multi- 
plication of  private  ohaervatories  and  amateur  observers,  have 
created  a  demand  for  treatises,  which  shall  comprise  not  only 
eiplanationa  of  the  movements  of  the  earth  and  the  other 
bodies  of  the  solar  system,  but  also  lUustrationa  of  the  physical 
appearancea  of  the  different  planets,  the  information  on  which 
can  only  otherwise  be  obtained  by  reference  to  the  Transactions 
of  the  various  scienti^c  societies  of  different  coimtries,  formed 
fox  the  encouragement  of  astronomy  and  the  other  physical 
sciences. 

In  iilustration  of  this,  we  have  only  to  refer  the  reader  to 
the  results  which  have  been  obtained  from  the  researches  of 
original  inquirers,  and  from  the  labours  of  observers,  which 
hare  been  carefully  reviewed,  and  from  wliich  large  aelectionB 
have  been  made,  and  presented  to  the  reader  in  a  popular  and 
instructive  form.    In  cases  where  the  subject  rei^uired  graphic 


PREFACE. 


vii 


illuatrationa  for  its  better  elucidation,  and  when  such  reprp- 
sentatioius  could  be  obtaJDed  from  original  and  authentic 
aources,  they  have  been  unsparingly  supplied. 

Aa  examples  of  this  we  may  refer  aniong  the  planetary 
objects  to  the  beautiful  delineutiona  of  the  Moon  and  Mars 
by  MM.  Beer  and  Miidler;  those  of  Jupiter  by  Sir  John 
Herachel  and  M.  Miidler;  and  those  of  Saturn  by  MM.  Dawes 
and  Schmidt  i  among  oometary  objects,  to  the  magnificent 
drawings  of  Encke*fl  comet  by  M.  Struve,  and  to  those  of 
Halley's  comet  by  MM,  Struve,  Maclear,  and  Smyth ;  and 
among  stellar  objecta,  to  the  splendid  selection  of  stellar 
clusters  and  nebula;,  wliich  are  reprmluced  from  the  originals 
of  the  Earl  of  Eoaae  and  Sir  John  Herschel.  "We  also  draw 
attention  to  the  remarkable  drawings  of  solar  spots  by  MM, 
Capocci  and  Pastorff,  delineations  of  which  will  be  found  in 
tbia  volume. 

To  have  entered  into  the  details  of  the  buainesa  of  an  obser- 
vatory, beyond  tliose  explanations  wMch  are  necesaary  and 
sufficient  to  give  the  reader  a  general  notion  of  the  proceauea 
by  which  the  prmcipal  afitronoraical  data  are  obtained,  would 
not  have  been  compatible  with  the  popular  character  and 
limited  dimensions  of  eucb  a  treatise  as  the  present. 

It  haa,  nevertheless^  been  thought  advisable  to  insert  in  the 
body  of  the  work,  short  notices  of  the  most  remarkable  astro- 
nomical inatniraents,  celebrated  aa  examples  of  beauty  of 
construction  combined  with  unusual  stability.  Moat  of  these 
instruments,  especially  the  great  equatorial,  recently  erected 
at  the  Eoyal  Observatorj',  Greenwich,  are  maguilicent  models 
of  engineering  skill,  and  reflect  honour  on  all  who  may  have 
assisted  in  their  construction.  Well  executed  drawings  ol 
most  of  these  ajBtronomicid  instruments  will  be  found  inserted 
in  the  chapter  devoted  to  this  subject,  the  originals  for  some 
of  which  have  been  either  supplied  by  or  made  under  tljt 
superintendence  of  the  eminent  astronomers  under  whose 
direction  the  mstrumenta  are  placed. 


The  progress  of  astronomical  discovery  haa  in  no  section  of 
the  science  shown  greater  actiyity  than  in  that  treating  of  the 
numerous  planets  composing  the  solar  system,  to  which  havi- 
been  added  since  the  year  1 845,  no  fewer  than  eighty-seven  of 
those  minute  bodies  whose  orbits^  without  exception,  are  in- 
cluded between  those  of  Mars  and  Jupiter.  The  reader  will 
find  in  the  chapter  under  the  name  of  **The  Planetoids,** 
information  regarding  the  discovery  of  each  of  these  planets, 
together  with  other  matter  relating  to  them,  the  planets  ap- 
pemng  in  the  order  of  their  discovery.  The  Editor  is  not 
aware  of  any  work  containing  the  same  amount  of  information 
on  all  the  planetoids,  the  existence  of  which  was  known  at 
the  date  of  passing  the  chapter  through  the  press. 

In  the  body  of  the  work,  chiefly  on  accoimt  of  the  limited 
extent  of  the  volume,  siibjccts  which  require  scrmc  amount  of 
mathematical  elucidation  are  necessarily  omitted.  Those  of 
our  readers  who  wish  to  enter  upon  the  study  of  the  theoretical 
branches  of  the  science,  such  as  the  theory  of  planetaxy  per- 
turbations, or  the  lunar  theory,  etc.,  should  select  those  works 
which  are  specially  prepared  for  students  in  the  universities, 
on  each  of  these  important  subjects.  Our  limits  will  not 
allow  us  to  include  them  without  sacrificing  other  instructive 
matter  which  agrees  more  with  the  objects  and  intentions  of 
this  work.  The  reader  will,  however,  find  inserted  in  the 
concluding  chapter,  further  explanations  on  a  few  questions 
which  in  an  earlier  portion  of  the  work  have  been  partially 
treated  on  in  the  text. 

The  tabular  numbers  representing  the  principal  elements  of 
the  various  members  composing  the  solar  system,  have  been 
selected  fi^-om  the  most  recent  authorities.  Those  tables  which 
are  the  result  of  computation,  have  all  undergoue  rearrange- 
ment and  recalculation,  and  the  separate  numbei^  will,  ? 
is  hoped,  be  consequently  received  with  some  degree 
confidence. 


NOTE  TO  THE  THIRD  EDITION. 


Is  preparing^  this  Edition,  it  lias  not  been  considered  necessary 
to  make  any  serioua  alteration  in  the  material  or  arrangement 
adopted  in  the  Second  Edition.  We  have,  however,  given  the 
work  a  careful  revision.  In  conformity  with  the  opinion  of  our 
leading  astronomers,  the  mean  equatorial  horizontal  parallax  of 
the  sun  has  now  been  authoritatively  increased  from  8''*5776  to 
8''*94.  The  modification  of  this  standard  element  in  astronomy 
has  created  the  necessity  of  our  making  important  numerical  cor- 
rections throughout  the  volume  corresponding  to  the  amount  of 
the  increase.  We  have  also  added,  as  an  Appendix,  brief  notes, 
or  abstracts,  of  a  few  of  the  principal  recent  astronomical  re- 
searches; and  in  Chapter  XV.  notices  of  the  discovery  of  thirty- 
three  additional  minor  planets  have  been  inserted. 

E.D 

Obkbmwich:  Fdruary  %  1867. 


NOTE. 


Keference  is  frequently  made  in  the  text  of  this  yolnme  to  the 
paragraphs  contained  in  the  "Handbooks  of  Natural  Philosophy/' 
by  Dr.  Lardner,  which  bear  on  the  same  subject  as  that  under 
discussion.  The  name  of  the  work  corresponding  to  each  letter  of 
reference  is  therefore  inserted  below  as  an  assistance  to  the  reader, 
who  will  find  in  these  separate  treatises  several  explanations  of 
subjects  which  tend  to  elucidate  more  clearly  those  giren  in  this 
volume. 


The  volume  on  Mechaxics  is  referred  to  by  the  letter  M. 
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Day*  and  nl[(hl« '  •  <■  -  ib. 
Sratonaanddlmjitea  -  -  •  ib. 
Obfefvatlom  and   refenrchea  of 

MM.  Brer  anil  Madler  ■>  -  ib, 
Areontraphlc  charartLT  •  "III 
Ti'leiroplc  viewt  of  Mart— arco> 

fT'tr't"^  chart*  of  tbe  two  he- 

inUpberei  -  •  .  .  f&. 
PnLir  tnnw  ob served  .  .  -  A. 
Fotltiau  of  aieographic  meridlaoa 

dettf^mtoi-d  ....  xi% 
Putalhletateltiteof  Mara    .       .   i^. 


CHAP.  XV. 

TMS  PLAnKTOtDt. 

A  meant  ftlacv  )□  tb*  plaoctary 
tertn       -       -       .       -       -  itt 


D  iMJOTery  of  Ceret 
I>lictiivrrT  of  Pallaa 
Olbri'   hfpotheilj 

itirv'd  ptafi(*t 
Diacofery  of  Juno 
Diaco«««]r  of  VeiU 


of   ■    finic- 
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from  the  Greek  worda  atrrfjp  (nster),  a.  stab  (under  which  all  thd 
tvenly  bodies  were  included),  and  vtifitn.-  (iiomo.*)^  a  law — the 
lence  which  expounds  the  laws  which  govern  the  motioua  of  the 

treats  of  loacceulMe  objects^— It  is^Tident^therefbire, 
'l^tronomy  is  disiting'iii8htHl  from  all  other  didaiona  of  natural 
ecieucti  by  this  peculiiiritYf  that  the  bodies  which  are  the  6uhject,a 
of  oh«en'fttlon  and  inquiry  are  oJl  of  them  iXACCBafilBLE*  Even 
the  earth  it^tdf*  wliich  the  a^stKinomer  regards  as  a  celestial  object 
— an  (mTtft>y  —  is  to  hiru,  in  a  certain  sense,  even  more  inaccesaiblo 
than  the  others  ;  for  the  very  fact  of  hia  place  of  observation  hemg' 
confintjd  strictly  to  its  surface,  an  indgDificaDt  part  of  which  alone 
can  be  observed  by  him  at  any  one  moment,  renders  it  impowible 
for  him  to  examine,  by  direct  obaerratioD,  the  earth  ASA  whole, — 
the  only  way  in  which  he  deairea  to  oonaidc'r  it, — and  oblig:e8  Mm 
to  resort  to  a  variety  of  indirect  expedients  to  acquire  that  know- 
ledge of  its  dimensions,  form,  and  motions  which,  with  regaixl  to 
other  and  more  distant  objects,  results  from  direct  and  imniediato 
observation.  This  circunirtance  of  havings  to  deal  exclusively  with 
inaccessible  objects  has  oblifj;ed  the  astronomer  to  invent  peculiar 
modes  of  reasoning,  and  peculiar  instrumentg  of  obsenation,  adapted 
to  the  solution  of  Buch  pioblemB;  and  to  the  discovery  of  the  necea- 
sary  data. 

5.  Direction  ajsd  bearinr  of  visible  obJeets.^The  eye  esti- 
mates only  the  direction  or  relative  bearings  of  objeeta  within  the 
range  of  virion,  but  supplies  no  direct  means  of  determininj^  their 
distances  from  eat  h  other,  or  from  the  eye  itself. 

The  absolute  direction  of  a  visible  object  is  that  of  a  straight  line 
drawTi  frtTm  the  eye  to  the  object. 

The  rHlwtivc  direction  or  bearing  of  an  object  is  determined  by 
the  angle  formed  by  the  abs<»lute  direction  with  some  other  fixed 
or  known  direction,  such  as  that  of  a  line  drawn  to  the  north,  south, 
east,  or  %ve.^t. 

6.  Ttiejr  finpply  tlie  means  of  ascertaining:  the  distances 
and  positions  of  tnaocessible  objects. —  By  comparing  the  re- 
lative bearing  of  inacceasible  objects,  taken  from  two  or  more 
accesfiible  poiuta  whose  distance  from  each  other  is  known,  or  can 
be  jwcertnincd  by  actual  measurement,  the  distances  of  such  inoc- 
ceBsible  objects  fiponi  the  acceaaible  objects,  from  the  obisener,  juid 
from  each  other,  may  be  determined  by  computatinu.  Such  dia- 
t^mces  being  once  known,  becomo  the  dnta  by  which  the  mutual 
distances  of  other  imicceBsible  objects  frf>m  the  former,  and  from 
eat'h  other,  may  be  in  like  manner  computed;  m  that,  by  starting 
in  this  manner  from  two  objects  whose  mutual  distance  can  bo 
actually  measured,  we  may  proceed,  by  a  chain  of  computations,  to 
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detennine  the  rektive  distancea  and  position  of  sill  other  objecte, 
however  inftccetiailile,  that  fall  within  the  mnffe  of  vbion. 

7.  Angrular macvitade — its  tmportaiice.  —  It  will  he  appA-' 
reiitj  ihert't'ore,  thut  AXGULMt  aiAGXiTUliE  plays*  a  must  promineiit 
jnirt  in  astrfjD(Juiical  iiivestigationB,  and  it  is,  before  all^  Docesdarj 
tbiit  th«  fttuilf-'iit  should  be  rendt^red  fainiliftr  with  it, 

8.  Si  vision  of  tbe  drold  —  Its  nomeaclatiire. — A  eirt^le  is 
divided  iut<j  finir  eqiitd  arcs,  tudied  ipimlriuits,  by  two  diameters 
aa'  and  bb'  intem^cLing  at  right  uDjrles  nt 
the  centre  cv^/rV/.  i. 

The  circimyVTt?iice  being  supposed  to  be 
divided  into  360  eqiifJ  part*,  each  of 
v^'hich  is  cjdled  &  DEGREE,  a  quitdrant  will 
consist  of  90  degrees. 

Angles  are  suhdlHded  in  the  same  iuaii- 
ner  tm  the  ares  which  mensure  them,  and 
accordingly  a  right  angle,  6iich  as  A  c  B, 
being  divided  into  90  equal  angles,  each 
of  the^e  is  a  D£GeEB. 

If  an  angle  or  arc  of  one  degree  be  di- 
vided into  60  efj^uul  parta,  eath  uf  these  is  called  a  mtnute. 

If  an  angle  or  arc  of  one  minute  be  divided  into  60  equal 
part*,  each  such  part  is  called  a  second. 

Anglea  less  than  a  second  are  usually  expressed  in  decimal  parts 
of  a  second. 

Degrees,  minutes,  and  seconds  of  SrACK  are  usually  expreflsed  by 
the  signs  °, ',  ";  thus  23*  30'  40"  9  means  an  angle  or  arc  which 
measures  23  degrees,  30  minutesi  40  seconds,  and  9  tenths  ol'  a 
second. 

The  letters  m  and  $  are  generally  used  to  express  minutes  and 
seconds  of  Time.  Thus,  23"  30'"  40"9,  expresses  an  interval  of 
time  consisting  nf  23  houra,  30  minutes,  40  seconds,  and  9  tenthii 
of  a  second.  This  symbolical  distinction  in  representing  time  and 
apace  is  found  not  only  a  practical  convenience  in  computationa 
where  both  nm^t  neceasarily  appear,  but  it  is  also  a  means  of  pre- 
venting many  errors  which  may  easily  occur,  when  one  set  of 
gynibols  is  used  in  both  caa«*s. 

9.  asetlioila  of  autcertainlBf  tbe  direotf  on  of  a  vlalble  ancl 
distant  object.  —  It  might  appear  an  ea»y  matter  to  observe  the 
exact  direction  of  any  point  platjcd  within  the  range  of  vision, 
since  that  direction  must  be  that  of  a  straight  line  poking  directly 
from  the  eye  of  the  observer  to  the  point  to  he  ob&erv^ed.  If  the 
eye  were  supplied  with  the  appendages  nt^ceaeary  to  record  and 
measure  the  directions  of  visible  objectSj  this  would  be  true,  and 
the  organ  of  sight  would  be  in  fact  a  philosophical  instrument. 
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The  eje  ist  howeTer,  adftpted  to  other  and  different  usm,  and  ooa- 
«tructed  to  plav  a  different  part  in  the  animal  econtraiT;  and 
invention  has  been  stimulated  to  supply  expedienta^  by  meana  of 
which  the  exact  directions  of  riEible  distant  points  can  be  ascer- 
tained, observed,  and  compared  one  with  another,  ao  aa  to  supply 
the  various  data  nece:3sary  m  the  classes  of  problema  connected 
with  aatronomj,  some  of  which  we  shall  have  occasion  hereafter 
to  advert  to. 

lo.  Vmm  <if  aif-bts.^ — ^The  most  simple  expedient  by  which  the 
visual  direction  of  a  distant  point  can  be  det<.'nnined  is  by  sights, 
which  are  small  holes  or  narrow  slits  made  in  two  thin  opaque 
plates  placed  at  right  anf^lee,  or  nearly  so^  to  the  line  of  Tif>ton, 
and  so  arranged,  that  when  the  eye  is  placed  behind  the  posterior 
opening  the  object  of  observation  Bhall  be  visible  throu]u'h  the 
anterior  opening.  Eveiy  one  is  rendered  familiar  with  this 
expedient  by  its  application  to  fire-arms  as  a  method  of  **  taking 


This  contrivance  is,  however,  too  rude  and  susceptible  of  error 
within  too  wide  limita,  to  be  available  for  nstrononiicftl  purpoeec, 
though  occasionally  it  is  used  in  large  instruments  as  an  assistance 
in  setting  for  briglit  objects. 

II.  Applies tfoD  of  tlie  t«leaoope  to  lii4iloftt«  tbe  yfsuAi 
dlreetloii  of  mloroxnetrio  wires. —  rii'-  tulrsit'npe  (0.  501)  sup- 
plies means  of  determining  thu  dipection  of  the  visual  ray  with  all 
the  necessary  precision. 

If  T  T'f  Jig.  2,  represent  the  tube  of  a  telescope,  t  the  extremity 
in  which  the  object-glass  ia  fijced,  and  T''  the  end  where  the  images 
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of  dietnnt  objects  to  which  the  tube  is  dirwted  are  formed,  the 
TisuaJ  direction  of  any  object  will  be  tlmt  of  tho  lino  t*  c  drawn 
from  tlje  imago  of  such  object  formed  in  thii  ^tM  of  vieir  of  the 
telescope  to  the  centre  c  of  the  object-glastt,  for  if  this  line  be 
continued  it  will  pass  through  the  object  », 

But  since  the  field  of  view  of  the  telescope  is  a  circular  space  of 
definite  extent,  wjtbin  whit-h  many  objects  in  different  directions 
may  at  the  sam«  time  be  visible,  some  expedient  is  necessary  by 
whit^h  one  or  more  fixed  points  in  it  may  be  permanently  miu-ked, 
or  by  which  the  eotirtj  field  may  be  spiiced  out  as  a  map,  by  the 
lines  of  latitudt*  and  longitude. 

This  is  ftcmmpliflhed  by  a  system  of  fibre?,  or  wires  (sr.  j8)  so 
thin  that  even  when  magnified  they  will  appear  like  hairs.    In 
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instruments  nf  grent  precision,  the  web  of  a  peculiAr  kind  of 
spider  is  used  for  this  piirpostj.  Theise  wirt-e  lire  exteaded  in  li 
frame  ilxed  mthin  the  oje- piece  of  the  telescope,  so  that  thev 
appear  wht?n  Been  through  the  eye-glasa  like  fine  lines  ilrn'R-n 
acrosa  the  field  of  view.  They  are  ditferently  flrratiged,  according 
to  the  sort  of  observation  to  wbich  the  instninient  is  to  be  applied. 

12.  Xrlne  of  eolllmatloD.^^Iu  some  wises  two  wired  iulexaect 
at  rij^^ht  angles  at  the  centre  of  the  tield  of  view,  divitljng  it  into 
quadrants,  as  represented  in  ^<7,  1 .  The  wires  ate  bo  adjusted  that 
their  point  of  intersection  c  coincides  with  the  axis  of  the  telescopic 
tube ;  and  when  the  instniment  is  so  adjusted  that  the  point  of  ob- 
aervation^  a  star  for  example,  is  seen  precisely  upon  the  intersectjon 
c  of  the  wires,  the  line  of  direction,  or  vigual  ray  of  that  star,  will 
be  the  line  t^c^frj.  2,  joming  the  internee tion  Cjjig,  i,  of  the  wires 
with  the  centre  c^^g.  2  of  the  object-plaas. 

The  line  /  c,  Jif/.  2,  is  t'pchnically  called  the  line  of  milimation, 

13.  Applloatloii  of  tlie  telescope  to  a  vrHidu»ted  Inatm- 
rnent-  —  The  telescope  thus  prepared  is  attached  to  a  graduated 
iiistmmeiit  by  which  iingnlarinagnitudea  can  be  observed  and  mea- 
BUred.  Such  inatnimenta  vary  infinitely  in  form,  magnitude,  and 
mode  of  mountiug  arid  adjustment,  according  to  the  puiposes  to 
which  they  are  applied,  and  tcj  the  degree  of  precision  necesaary  in 
the  obsen'ations  to  be  made  with  thera.  To  explain  and  iUmrtratfi 
the  general  principles  on  which  they  pltg  constructed  we  shall  talce 
the  example  of  one,  which  consists  of  a  complete  circle  graduatetl 
in  the  usual  manner,  being  the  most  common  form  of  inatnuneDt 
used  in  astronomy  for  the  measuTement  of  angular  distances. 

Such  au  upparatita  is  represented  iu  Jiff.  3.  The  circle  a  n  c  u, 
on  which  the  divisions  of  the  graduation  are  accurately  engraved^  ia 


Fig  }, 


connected  with  its  centre  by  a  series  of  spokes  x  y  z.    At  it«  centre 
16  a  drcular  hole^  la  which  an  axle  ia  inserted  bo  aa  to  tiiim  flnLoothl^ 


^T 


i 


6  ASTROXCnn'. 

in  it,  and  wliile  it  ttmia  to  he  alwajB  concentrio  witli  thp  circle' 
BCD.  To  tills  AjJe  the  telescope  a  ft  is  attached  in  mch  &  man- 
ner that  the  ima^ary  line  s"  Cfjfy.  2,  which  joins  the  intersoctinn 
of  thf«  wires,  Ji4/,  I,  with  the  rentn^  of  ilw  ohject- glass,  ehaU  be. 
parallel  to  the  plane  of  the  circle,  and  in  a  plane  passing  throug"h 
its  centre  and  at  right  angles  to  it. 

At  right  angles  to  the  &xh  of  the  telescope  an?  two  amis,  m  n, 
whtfh  form  one  piece  with  the  tube,  *o  that  wheu  the  tube  is  turned 
with  the  axis  to  which  it  is  attached,  the  aniia  m  n  shall  turn  alao^ 
always  preserving  their  din'ction  at  right  angles  to  iho  tiibe. 
Marka  or  indices  are  engraved!  upon  the  extremities  m  ajid  n  of  the 
arms  which  point  to  the  divisions  upon  the  ume  (as  the  divided 
an?  is  called). 

A  clamp  is  provide«i  on  the  instrument,  hj  which  the  telesc^ipe, 
being  brought  to  any  degired  position,  cjin  be  fixed  inioiovably  in 
that  position,  while  the  observer  examines  the  divisions  upon  the 
linib  to  which  the  indices  m  and  n  are  directed. 

Now  let  U9  pnppnii*t?  tli«t  the  vistiul  angle  under  the  directions  of 
two  distant  objects  within  the  nmge  of  vir,ion  ia  required  to  be 
nieasiired.  The  circle  being  brought  into  the  plane  of  the  objects, 
nod  fixed  in  it,  the  telescope  b  moved  upon  its  axis  until  it  ia 
directed  to  one  of  the  objeets,  so  that  its  image  shall  coincide  exactly 
♦with  the  intersection  of  the  wires.  The  telescope  is  then  clamped, 
and  the  observer  examines  the  divisions  of  the  divided  limb,  to  which 
<me  of  the  indices,  m  for  example,  is  directed.  This  pnicess  is 
called  "reading  off.*'  The  clamp  Wing  disengaged,  the  telescope 
is  then  in  like  manner  directed  to  the  other  object,  and  being 
clamped  as  before,  tlie  positi^m  of  the  index  is  again  "  read  off.'* 
The  difference  between  the  numbers  which  indicate  the  position  of 
the  same  index  in  both  cases,  will  evidently  be  the  vitjual  angle 
under  the  directions  of  the  two  objects. 

As  a  means  of  fiuiher  acciiTiHfy,  both  thfl  indices  m  and  n  may  be 
"  read  off,'*  and  if  the  results  differ,  which  they  always  will  slightly, 
owing  to  various  causes  of  error,  n  mean  of  the  two  may  be  fjiken. 

It  is  evident  that  the  same  results  would  bo  obtained  if,  instead 
of  making  the  telescope  move  upon  the  circle,  it  were  immovably 
attached  to  it,  and  that  the  circle  itself  turned  upon  its  centre,  as 
a  wheel  does  upon  its  axle,  carrying  the  tf^lescope  with  it.  In 
thia  case  the  divided  limb  of  the  circla  is  made  to  move  befoni 
a  fixed  index,  and  the  angle  und^r  the  directions  of  the  objecta 
will  be  meaaured  by  the  length  of  the  are  which  passes  before  the 
index. 

Such  R  combination  ia  represented  in  section  in  Jif.  4,  where  t 
is  the  telescope,  p  the  pieces  by  which  it  is  attached  to  the  circle  a 
B  «©en  edgewise,  the  axis  of  which  n  works  in  a  solid  block  of  metal. 
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Tlie  fixed  index  p  id  directed  to  tlie  graduated  limb  wMdi  moveB 
before  it. 


This  is  the  most  frequent  method  of  mounting  infltnimenta  need 
in  a^troDomy  for  angular  measurement. 

14.  Bxpedlenta  for  measuiinfi:  tlie  fHiotloii  of  a  dliplaton. — 

It  will  happen  in  jrent-'ral  that  the  index  will  he  directed,  not  to  any 
exact  division,  hut  to  soine  pfiiut  inlt'nnudiate  hetween  two  divi- 
siotia  of  the  limh.  Id  that  case  expedients  are  provided  hj  which 
the  distance  between  the  index  and  tho  laat  divi^ou  which  it  has 
papsed,  may  be  aaoertained  with  aii  extraordinary  degree  of 
precision. 

I  5.  ay  a  Teraler. — Thip  may  be  accomplished  by  means  of  a 
supplemental  scale  called  a  Veilni>:e.    (P  229.) 

16.  By  a  compQiLiid  microscope,  and 
micFometiic  screw. — Tlie  same  object  mttv, 
however,  be  attained  with  far  grenter  accu- 
TRcy  by  means  of  a  compound  microwopc 
mounted  as  represented  in  _/f<7,  5^  so  that  the 
observer  loc4s  at  the  index  thTou{?h  iL  A 
eystem  of  cross  wires  is  pUced  in  the  field 
of  view  of  the  microacope,  and  the  whole  may 
be  60  adjuster!  by  the  action  of  a  line  sert^w,, 
that  the  index  shall  coincide  precificl}'  with 
the  intersoction  of  the  wires.  The  screw  is 
then  turned  until  the  interi^ection  of  the  cro?^ 
is  brought  to  coincide  with  the  previous  divi- 
siou  (3f  the  limb  ;  and  the  number  of  turns  and  fraction  of  a  turn 
of  the  screw  will  give  the  fraction  of  a  degree  between  the  indei 
and  the  previous  division  of  the  limh. 

It  is  lieeeBsarj',  however,  to  ascertain  previously  the  value  of  a 
complete  revolution  of  the  screw.  This  is  easily  ilune  by  placing  the 
ci'oss- wires  which  are  carried  by  the  micri^metric  sei-ew,  on  conse- 
cutive diviaioos  of  the  limb.     IHviding^  then,  the  value  in  af c  he- 
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tween  two  dmeiona,  which  ia  always  knowTi,  by  the  nunilwr  of  turna 
and  frflction  of  a  turn,  the  arc  which  furn^prjiula  to  one  complete 
revolution  of  the  micrometric  screw,  will  be  fi>iiiid, 

17.  Cll>ftf!rvmtlon  and  measureiiicjit  of  lolBntci  uirleft.— 
When  the  pointa  betvroen  which  the  angular  difltatice  reqiiinfKl  to 
be  Hscertained  toe  uo  dose  together  as  to  be  seen  at  one  and  the 
same  time  within  the  field  of  -view  of  the  telescope^  a  method  of 
meaaurement  is  applicable,  which  admita  of  even  greater  relative  ac- 
cumcy  than  do  the  method;^  of  observing  large  angular  distances. 
Thb  arises  fmm  ihe  fact  that  the  distance  between  such  poials  may 
bedetermined  by  various  forms  of  niicmmetrii!  infitmments,  in  which 
fine  wires,  orlinea  ofepider'a  web,  are  moved  in  a  direction  per- 
pendicular to  their  len^h,  so  as  to  poas  sueceasively  through  the 
pointa  whose  diatance  is  to  he  observed. 

1 8*  Tli«  parallel  wire  micrometer.— One  of' the  forms  of 
micrometric  apparatus  nsad  for  this  purpose  ia  represented  in  txanin- 
verw  section  in  Jii/.  6,     This,  which  ia  called  the  parallel  wms 
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jocfiOMETEB,  conaiBta  of  two  sliding  frames,  across  which  the  poralldl 
wires  or  threoda  c  D  are  stretched.  These  frames  are  both  moved 
in  a  direction  perpendicular  to  that  of  the  wirea  by  screws,  con- 
Btnicted  with  very  fine  threodii  and  called  from  their  uae  mtcko- 
MBTBE-ecEEWs.  TMa  frame  is  placed  in  the  focua  of  the 
object-glnaa  of  the  teleacopOf  so  that  the  eye  viewing  the  object* 
under  ohaervation  aeea  alao  distinctly  the  parallel  and  movablo 
wires.  Theae  wirea  are  moved  by  the  acrcwa  until  they  pass 
through  the  pointa,  whoae  distance  aaunder  ia  to  be  mffl^ured. 
Thia  being  accompliahedj  one  of  them  ia  moved  until  it  ©oincidea 
with  the  other,  and  the  number  of  turns  and  parts  of  a  turn  of  tlio 
screw  necessary  to  prt^luce  thia  motion,  givea  the  angular  distance 
between  the  points  under  observation. 

In  this,  as  in  the  case  explained  in  (i  6)  it  is  neoessaiy  that  the 
angle  corresponding  to  one  complete  revolution  of  the  micrometer-' 
screw  be  previously  ascertained  j  imd  this  ia  dune  by  a  process 
precisely  similar  to  that  explained  in  the  foi-mer  case.     An  object 


METHODS  OF  INVESTIGATION. 


of  known  angular  magmtnde^  as,  for  exnmplep  a  foot  ruJc  at  the 
diataEce  of  a  bimdred  yards,  i»  observed,  and  tbe  Bumber  of  tiirud 
neoeflaaij  to  carry  the  wire  from  euti  to  end  of  ita  image  is  ascer- 
taini'd.  The  anfrltj  such  a  rule  mibtenda  at  that  distance  being 
divided  by  the  number  of  turns  and  patta  of  a  turn,  the  quotient  is 
the  anjLrle  corregpoudirig  to  one  completfi  revolution  of  the  screw, 

1 9.  M«aaurement  af  %be  nppftrent  diameter  of  an  oHJect. — 
When  an  abject  ia  not  too  great  to  be  included  in  the  field  of  view 
of  the  telescope,  its  apparent  dinmet^jr  can  be  meafiured  by  such  an 
apparatus.  To  accomplish  this,,  these  screws  are  turned  until  the 
wires  c  and  n,  Ji<f.  6,  are  made  to  touch  opposite  sidea  of  the  disk 
of  the  object.  One  of  the  screws  is  then  turned  until  the  wirea 
coincide,  and  the  number  of  turns  and  parts  of  a  nmu  grivea  thfl 
apparent  magnitude. 

20.  Tbe  double  Imaffe  micrometer.— The  method  in  general 
practice  in  larfre  observatoriea  for  the  measurement  of  apparent 
dianietera  of  planeta  and  angular  distancea  of  binary  etars^  ia  by 
meana  of  the  Double  xmaob  micrombter.  This  apparattis  con- 
fiietB  of  a  four-g^lftfifl  eye-piece,  in  which  the  len-we  are  bo  arranged, 
that  the  axis  of  the  pencil  of  mya  from  each  point  of  an  obaentd 
object,  p«i&8e8  through  the  centre  of  the  lens  which  is  next  to  the 
object-glfljsa.  One  half  of  thia  lens  ia  fixed,  the  other  is  moved  by 
a  micrometer-screw  with  a  ^rraduat^d  head.  Tho  instrument  i* 
fumiwbed  with  a  small  graduated  circle,  by  which  the  angles  of 
position  of  objects  may  be  measured. 

In  the  field  of  view  two  imagea  are  seen  J  one  of  them  being  fixed, 
the  other  movable  by  the  aid  of  the  micrometer-ecrew.  The 
diameter  of  an  object  ia  therefore  found  by  placing  one  edge  of  the 
movable  object  in  coincidence  with  the  edge  of  the  fixed  object, 
and  then  reading  the  di^-isiona  on  the  micrometer-head.  The  screw 
ia  then  turned  untii  the  movable  image  ia  on  the  opposite  side  of 
the  fixed  image  when  thpy  are  placed  in  coincidence  as  before. 
The  difierence  of  the  two  micrometer  readings  ia  twice  the  diameter 
of  the  object  in  terms  of  revolutions  of  the  micrometer-screw.  The 
value  of  one  revolution  being  known,  the  angular  measurement  U 
atteily  determined* 
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CHAPTER  ir 

JkyrnonoimcAT,  ufSTRUMEarrB,  ajtd  their  modk  or  vsk. 

2 1 .  Kiiowl«d|r6  of  tlie  inctruiiieiits  of  observation  i 

mury,' —  Before  proceeding-  to  oxpbiia  the  form  and  density 
earth,  or  the  general  atpts-t  of  the  tinuiimeut,  and  fixed  lin<*8  and 
points  upon  it,  by  which  the  relative  positii^o  and  motion!*  of  oel^w- 
tial  objects  are  defined,  it  will  lje  necessary  to  explain  theprincipid 
instrumentB  with  which  an  ob8«?rvat(ir)'  is  furnished,  nad  to  filiow 
the  maimer  in  which  they  are  applied,  m  m  to  obtain  those  ac- 
curate data  which  supply  the  bosta  of  those  calcuJationf  front  which 
has  resulted  our  knowledge  of  the  great  laws  of  the  univor»e.  We 
fihall  therefore  here  explain  the  form  and  use  of  auch  of  the  instru- 
ments of  an  observatory  as  are  ijadispenflftbly  necessary  for  the 
observations  by  which  such  data  are  supplied. 

All  aatnjDomical  observation  is  limited  either  to  aaeert4uu  the 
magnitudes,  forms,  and  appeiirance  of  celestirU  ohjeeta,  or  to 
determine  the  places  they  occupy  at  any  given  moment  on  the 
firmament. 

To  attain  the  former  5bJ64*t,  telescopes  are  conatnicted  witli  th© 
greateat  practicable  maprnifying  and  Olunnniiting  p'lwers,  and  so 
mounted  as  to  enable  the  observer  with  all  the  requiaito  frttility  to 
present  them  to  tlioae  ports  of  the  heavens  in  which  the  ohjecte  oi 
his  obdervation  are  placed. 

To  attain  the  latter,  it  is  necewaiy  to  provide  an  apparatus  by 
which  the  direction  of  the  \'isual  lino  of  the  object  of  obserration 
relatively  to  some  fixed  line  and  eorae  fixed  plHne  can  be  ascer- 
tained. The  vismd  line  being  the  straight  line  draisTi  from  the  eye 
of  the  observer  to  the  object,,  at  the  moment  of  the  obsen-fllion,  and 
having,  therefore,  no  ninterial  tangible  or  pennaneut  existence,  bj 
which  it  can  be  atibmitled  to  uicasurement,  it  ^s  neceBsary  to  con- 
trive some  material  line  with  which  the  visual  line  shall  coincide. 
The  telescope  supplies  an  easy  and  exact  means  of  accompli shiug 
this.  When  it  in  directed  so  that  the  object  or  its  centre,  if  it  have 
a  disk,  is  seen  upon  the  intersection  of  the  middle  wires  in  the  eye- 
piece, the  visual  direction  of  the  object  is  the  linf*  dnnMi  fniisn  the 
centre  of  the  object-glass  of  the  telescope  to  the  intersection  of  the 
middle  wires. 

Now  the  tdescope  bemg  attached  to  a  graduated  circle  is  ao 
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placed,  that  tbeline  joining  the  centre  of  the  ohject-glasa  with  the 
inlers^ctinn  of  the  wires  is  parallel  to  ft  diameter  of  the  circle. 
This  diameter  will  therefore  be  the  dlTection  of  tlie  visntd  line.  If 
the  cirde  thus  arrang^Hl  he  so  mounted  thnt  a  line  drawn  from  the 
ohserrer  to  the  fixed  point  of  reft-rence,  whntereT  that  point  be, 
shidl  be  pnmllel  also  to  a  diameter  of  the  circle,  and  iS  the  circle  be 
80  mounted  that,  however  its  position  may  otherwise  be  ehan^d, 
one  of  ita  diameters  ahidl  always  paas  throap-k  the  iijted  point  of 
reference,  the  angiilftr  distance  of  the  object  of  ob&en'ation  from  the 
fixed  point  of  reference  will  always  be  equal  to  the  angle  formed 
by  the  two  diameters  of  the  circle,  one  of  which  is  parallel  to  the 
line  joining  the  centre  of  the  object-gloas,  with  the  intersection  of 
the  wires  at  the  moment  of  the  observation,  and  the  other  parallel 
to  the  line  drawn  fi^m  the  observer  to  the  fixed  point  of  reference. 

But  ihia  Is  not  yet  enough  to  determine  in  a  definite  manner  the 
poflition  of  the  object  on  the  heavens,  A  great  many  different 
objecta  may  have  the  snme  finpTilar  distance  from  the  fixed  point  of 
rt}iference.  If  a  plane  he  itnafrined  to  pass  at  right  anrrlefl  U^  a  line 
drawn  from  the  observer  to  the  fixed  point  of  reference,  it  will 
interi*ect  the  celestial  sphere  in  a  certain  circle>  every  point  of  which 
wiU  obviously  be  at  the  same  anjendar  distance  from  the  point  of 
T^erence.  To  render  the  position  of  the  object  of  ob^rvatioii 
determinate,  it  h  therefore  necessarr  to  know  the  position  of  thi» 
plane  of  the  gradiwted  cirtile,  with  relation  to  a  circle  whose  plane 
ifl  flt  right  angles  to  that  tHameter  of  the  celestiitl  sphere  which 
pit"^sp«  through  the  fixed  point  of  reference. 

The  plane  of  the  graduated  circle  may  be  fixed  ot  movable.  If 
fixed,  its  position  with  relation  to  the  fixed  point  of  refert^nce  i» 
ast'ertaiiied  once  for  all ;  after  which,  the  position  of  the  object  of 
observation  ivill  be  detemiined  merely  by  its  angular  distance  from 
the  point  of  reference.  If  movable,  it  is  necessary  tn  provide 
another  gradnatefl  circle,  the  plane  of  which  is  perpendicular  to  the 
first,  and  upon  which  BOtne  fixed  direction  is  marked.  The  ^>osition 
of  the  plane  of  the  movable  circle,  which  carries  the  tele^t^ope^ 
with  relation  to  tins  latter  fixed  direction,  is  then  ascertained  by 
tht^  arc  of  the  second  graduated  circle,  which  b  indaded  between 
the  movfthle  cinde  and  such  fixed  direction. 

All  instruments  of  obtiervation  for  determining  the  position  of 
objecta  on  the  celestial  sphere  are  cnnstnicted  and  mounted  on  one 
or  other  of  these  principles ;  and  they  difler  one  from  another  in 
respect  to  the  point  adopted  m  the  fixed  point  of  reference,  and  the 
plane  at  right  angles  to  the  diameter  of  the  gphere  passing  thraugh 
that  point  -tvith  relation  to  which  the  position  of  the  circle,  if  it  be 
morable,  is  determined. 

The  fixed  puint  of  reference  is,  in  all  c&ses,  either  the  zeoith  or 
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tlie  pole  i  and  tbe  plane  of  refereBce,  consequently,  either  th, 
the  horizon  or  the  equator. 

2  2.  Tne  aatroaomlcal  olook.^ Since  the  immeHdiate  objects  of 
all  astn-niDmicid  ubserratioii  are  motions  aiiJ  iiiapiitud*?s,  anti  ainool 
modoiis  are  measared  by  tlie  comparis^on  of  6]mce  and  time,  one  cA 
th©  most  important  instninient*  of  ob.Heniition  is  the  time-piece  ol 
chronometer,  which  is  constructed  in  y&rious  forma,  according'  to 
the  circumstjincea  under  which  it  is  u«ed  and  the  degree  of  accnracj 
Deceasary  to  be  obtained.  lu  a  stationary  observatoiy,  a  pendiM 
lum  dock  is  the  form  adopted. 

The  rote  of  the  astronomical  clock  is  so  rt^^dated  that,  if  aDy  ol 
the  stara  be  observed  which  are  upon  the  celestial  meridian  at 
moment  at  which  the  bends  point  to  o*"*  o"'  o"*,  tbey  will 
point  to  o**'  o™*  o"  when  the  same  stars  are  next  seen  on  tlie 
dian.  The  inlervai,  which  is  called  a  aidereal  day,  is  divided  inta 
twentj-fotir  equal  parta,  called  SIDEREAL  noFRS.  The  bour^hand 
moves  OTer  one  principal  division  of  its  dial  in  tliia  interval.  I^ 
like  manner  tbe  MlNr7£  and  seconb-ilanus  move  on  divided 
cirdea,  each  moving  over  the  successive  divisions  in  the  intentila  od 
a  minute  and  a  second  respectively. 

The  pendulum  is  the  originid  and  only  real  meaaure  of  time  iq 
this  instrument  The  liand^^  the  dials  on  which  tuey  play,  and  tht 
mechHuisni  which  reg^datea  and  proportions  their  movements,  &x% 
only  expetticnts  for  registering  the  number  of  vibrations  wbi 
pendulum  has  made  in  the  interval  which  elapses  between  ani 
phenomena.  Apart  from  tbis  convenience  a  rat^re  pendulum  lui 
nect4Kl  with  wheel  worlc  or  any  other  mechanism,  the  vibratioua 
which  would  h^  counted  and  recorded  by  an  observer  stationed  a 
it,  would  equally  serve  as  a  measure  of  time. 

And  thi.9,  in  fact,  is  tbe  method  actually  used  in  all  exact  astro-* 
nomical  observations.  The  eye  of  tht*  ob8t*rver  it*  occupied  in  watch-^ 
inp  the  proprress  of  the  object  moving-  over  the  wires  (l  I )  in  ttie 
field  of  view  of  the  telescope.  Ilis  ear  is  occupied  in  noting-,  aii<| 
his  mind  in  coiuating  the  successive  beats  o| 
the  pendulum,  which  in  idl  astTononiicalj 
diodes  is  60  coDfetructed  as  to  produce  a  euffi 
dently  loud  and  distinct  teound,  marking  tlie 
dose  of  each  succeaaive  second.  The  prac- 
tised observer  is  enabled  with  coDsidcrablft 
predfiion  in  this  way  to  subdivide  a  eecondj^ 
and  determine  the  moment  of  tbe  occurrence 
of  a  phenomenon  w^ithin  a  small  fraction  of 
that  interval.  A  star,  for  example,  is  seen  to 
the  left  of  the  wire  m  m'  at  «,  ,/?<7.  7,  at  one  lieat  of  the  pendulum, 
and  to  the  right  of  it  at  •'  with  the  next     The  obsen^er  eatimate« 


Fif.7. 


i 


ASTRONOMIC.VL  INOTRTTMENTS— THE  TRANSIT.     13 

with  great  procision  the  prnportion  in  which  the  wire  divides  the 
diBtance  between  tho  points  *  and  *',  and  can  therefore  determine 
the  frftctirm  of  a  second  after  being  at  *,  at  which  it  whs  upon  the 
wire  m  m'. 

Although  the  art  of  con»tructing  chponometers  bus  Rttabed  a 
Burprisinp  degree  of  perfection,  it  is  not  perfect,  and  the  rate  of 
even  the  best  of  auch  inAtruaieQts  is  not  absoltttuly  uniform.  It  is 
therefore  neceasarj-  from  time  to  time  to  check  the  indications  of 
the  clock  by  obseiriug  itfl  rate.  If  the  clock  were  absolutely 
p^?rfect,  the  pendulum  would  perform  exactly  86,400  vibrations  iu 
the  interval  between  two  succeBsive  returns  of  the  same  star  to  tlie 
meridian.  Now  a  good  nstronoinicftl  clock  will  sehhun  nij^e  m 
many  as  86,401  nor  so  few  as  86,399  vibrationa  in  the  intcnal.  In 
the  one  case  its  rat«  would  be  too  fast,  and  in  the  other  too  alow  hy 
I  in  86;400,  Even  with  such  an  erroneous  rat*?  the  error  thrown 
npon  an  observation  of  one  hour  would  not  exceed  the  24th  part  of 
A  Becond-  If,  however,  the  rate  be  observed,  even  this  error  may 
be  aUowod  for,  and  no  other  will  remain  save  the  remote  possibility 
of  a  change  of  rnto  since  the  uite  was  last  ascertained. 

23.  ^PHo  tranilt  instraaieDt. — ^All  the  most  iniportant  astro- 
nomical ohjien-atioDs  aro  made  at  the  moment  when  the  objects 
observed  are  npon  tho  celestial  meridian,  nnd  in  a  very  extensive 
class  of  such  observationa  the  sole  purpose  of  the  observer  is  to 
detennine  with  precision  the  time  when  tho  object  m  brought  to 
the  meridian  by  the  apparent  diurnal  motion  of  the  tirmament. 

This  phenomenon  of  passing  the  njeridian  is  called  the  traitsit  ; 
and  an  instrument  mounted  in  such  a  manner  as  to  enable  an 
observer,  supplied  with  a  ehK.'k,  to  iww'ertain  the  exact  time  of  the 
TTUxsiT  is  called  a  tilvnsit  instritment. 

Such  an  instrument  consists  of  a  telescope  so  moimted!  thdt  the 
line  of  coUimation  will  he  gucces?iively  directed  to  even,'  point  of 
the  celestial  meridian  when  the  telescope  is  moved  upon  its  axis 
thn-mgh  l8o^ 

This  is  accomplished  by  attBching  the  telescope  to  an  axis  at 
right  angles  to  its  line  of  collimatian,  and  placing  tho  extremities 
of  such  iixia  on  two  homontal  supports,  which  are  exactly  at  the 
same  level,  and  in  a  line  directe^l  east  and  west.  The  line  of 
collimiAtion  when  horizontal  wiU  therefore  be  directed  north  and 
pouth  ;  and  if  the  telescope  be  turned  on  its  axis  through  1  80**, 
its  line  of  collunation  will  move  in  the  plane  of  the  meridian^ 
and  will  be  successively  directfld  to  all  ptjints  on  the  celestial  meri- 
dian from  the  north  to  the  pole,  thence  to  the  zenith,  and  thence 
to  the  south. 

The  instrument  thus  mounted  is  represented  in  /?/7.  8.  Two 
etoue  piers  are  erected  on  a  bolid  foundation  standing  east  and 


west.    In  tBe  top  of  eftch  of  them  is  inserted  a  metallic  support  in 
the  form  of  a  t  to  receive  the  cylindrical  citreniities  of  ihti  tnms- 
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tm  amta  a  B  of  tbe  instronieiit.  The  tube  of  the  telescope  en" 
eoBsiftf  of  two  ♦?qual  piirU  inw»rtc'd  in  a  central  globe,  fonuing  pint 
of  the  trails versttl  ajEii«  A  B.  Thus  mounted,  the  tt'le^scopo  can  be 
niHde  to  revolve  like  a  wheel  ujnm  the  axis  ab»  trnd  while  it  thus 
reTolvea  its  line  of  coUiination  would  be  directed  succesaively  to 
all  the  points  of  h  verticid  circle,  the  plane  of  which  w  at  right 
Rugles  to  the  axis  ab.  If  the  axis  be  exactly  directed  east  and 
west,  this  vertical  miii!t  be  the  meridian. 

24.  Its  adJfMtiiteiitA. — This,  however,  eitpposea  tliiee  condi- 
tions to  be  fulfilled  with  absolute  preciidon  : 
]  at.     The  axis  a  b  must  be  level. 

2ndly.    The  line  of  colli miititm  mugt  be  perpendicular  to  it. 
3rdly.    It  must  be  directed  due  east  and  west. 

In  the  origiiial  construction  and  mounting  of  the  instrument 
the^  three  conditions  are  kept  in  view»  and  are  ncurly,  but  ctinnot 
be  exactly,  fulfilled  in  tha  first  instance.    In  all  astroiioDaical  in* 
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stmmeuts  the  conditions  whicli  they  iir«  required  to  fulfil  ftr©  only 
approximated  to  in  the  milking  and  mountings;  but  a  clnm  of  ex- 
pL'dieiits  railed  adjustments  are  in  all  case  a  provided,  by  whicli 
each  of  the  requi.xito  conditions,  only  neurit/  attained  at  tijrsti  art) 
fulfilled  with  infinit-ely  greater  precision. 

In  nil  such  adjualmeuts  two  provisioftfl  are  necessary:  Jtrd,  a 
method  of  det<*t"tinpr  nud  incfli?iiring'  the  deviation  frum  the  exact 
f ultilniMnt  of  the  requisite  condition ;  and  «cw«%,  an  expedient  by 
which  snch  devifttiou  can  be  corrected, 

25.  To  make  tbe  axla  level. — If  the  axis  AB  be  not  truly 
level,  it«  deviation  firjin  this  direction  may  be  aacertained  by  aujs- 
pendiuy  upon  it  a  errRix  level. 

This  considta  of  a  glacis  tube  nearly  filled  with  alcohol  or  ether, 
liquids  ei-Ieeted  for  the  purpose^  in  consequence  of  the  absence  of 
all  viscidity,  their  perfect  mobility,  and  because  they  are  not 
liable  to  congelation.     The  tube  a  Bfji^.  g,  is  fomied  slightly  con- 


Fig.  9, 

Tex,  Bsd  when  it  is  placed  horizontally  with  its  convexity  upwards, 
the  buhhk  a  b  produced  by  its  deficient  fulnesa  will  take  the  high- 
est position,  and  therefore  rest  ut  the  centre  of  iti*  leng^th.  Marks 
are  engraved  on  or  attached  to  the  tube  at  a  and  h  indicating'  the 
centre  of  its  lenf^h.  The  tube  is  attached  to  a  straight  bar  en,  or 
so  niotmttjd  as  U\  be  capable  of  being  suspended  frojii  two  points 
c'  i/,  and  ia  so  adjusted  that  when  the  lower  surface  of  the  bar  c  D^ 
or  the  line  j<^imng  the  two  points  of  Buspension  c^d',  ia  exactly 
level,  the  bubble  will  reet  exactly  in  tlie  centre  of  the  tube  between 
the  marks  «  and  b. 

To  ascertain  whether  a  surface^  or  the  line  joining  two  proposed 
points,  be  level,  the  instmnient  is  applied  upon  the  one,  or  sus- 
pended from  the  other.  If  tlie  bubble  rest  between  the  marks  a 
and  hf  they  arc  level  ^  if  not,  that  direction  towards  which  it 
deviates  h)  the  more  elevated,  and  it  must  he  lowered,  or  the  other 
r;iised.  The  ojHTation  must  be  repeated  until  the  bubble  is  found 
to  rest  between  the  central  marks  a  and  &,  whichever  way  the 
level  be  placed. 
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A  level  is  provided  for  the  transit  instniment  with  two  loops 
finspen^ion  correFpnndin|Er  with  thft  crlitidncal  extremities  of  the 
&x\»  A  B,Jig.  8,  so  that  its  points  of  suspension  nmy  rest  on  these 
cjliodi^ra.  If  it  be  found  that,  when  the  lerel  ia  properly  «oa-» 
pended  thus  upon  the  axis,  the  bubble  rests  nearer  to  one  extTernitT 
than  the  other,  it  will  be  necessaiy  to  raise  that  end  from  which  it 
is  more  remote,  or  to  lower  that  to  which  it  h  ne&rer. 

To  accomplish  this,  one  of  the  supports  in  which  the  extreiaity 
A  of  the  axia  rests  is  construct^  so  as  to  he  moved  through  a  small 
epace  vertically  by  a  finely  cornstrueted  sert^w.  This  support  is 
therefore  mised  or  lowered  by  such  means,  until  the  biihhle  of  the 
level  rests  between  the  central  marks  a  and  b,  whichever  wny  the 
level  be  siispended- 

26.  To  make  tbe  tine  of  i^ollimAttOD  penreudlotilar  to  th9 
axis.  —  It  must  be  remembered ,  that  the  line  of  coUimfltion  is  a. 
line  drawn  from  the  centre  of  the  object-fflflss  to  the  middle  'wire 
in  the  field  of  view  of  tlia  t<?leflcope.  The  centr^j  of  the  object- 
glass  ia  fixed  relatively  to  the  teiescope,  but  the  wires  are  eo 
mounted  that  their  position  can  be  mov«d  Ihrt^uph  a  rertnin  ^mall 
spare  by  means  of  a  mi€r«>met*r-serew.  Oae  end  of  the  line  of 
eulliniation,  therefore,  l)eing  movable,  while  tbe  other  is  fixed,  its 
direction  may  be  chimgied  at  pleasure  within  limits  determined  bj 
the  oonstniction  of  the  eye-plnss  and  its  micrometer. 

To  ascertain  whether  the  line  of  collimatiou  is  or  is  not  at  Hgrht 
angles  to  the  line  joining;  the  points  of  support  A  and  Bfjtff,  8,  let 
any  distant  point  be  ob^-erved  which  may  be  bisected  by  ihe  centre 
wire.  Let  the  injitrument  be  then  rereradd  upon  its  supports,  the 
end  of  the  axis  which  rested  on  a  being'  transferred  to  A,  and  that 
which  restJr'd  on  ft  to  o,  and  let  the  same  object  be  observed.  If  it 
still  coincide  with  the  centre  wire,  the  line  of  coUimation  is  in  the 
proper  direction ;  but  if  not,  its  distance  from  the  wir*?  will  be 
twice  the  deviation  of  the  line  of  coUimatioD  from  the  pei-pendicu- 
lar,  and  the  wires  must  bo  moved  by  the  adjustincrscreiv,  until 
the  centre  wire  is  moved  towards  the  object  through  half  of  its 
apparent  distance  from  it. 

To  render  this  more  clpar,  let  A  T^fjtff.  10,  represent  the  direc- 
tion of  the  axLr-,  c  h  that  of  a  line  exactly  at  right  antflea  to  it,  or 
the  direction  which  is  to  be  piven  to  the  line  of  coilimation,  and 
]et  CD'  represent  the  erroneous  direction  which  that  line  acturilly 
has.  Let  s  be  a  distant  nbject  to  which  it  is  obwrved  to  be 
dii^cted,  this  object  k^inj*-  fieen  upon  the  centre  wire.  If  the 
instrument  be  revei-jied,  the  line  ci/  will  have  the  dirwtion  en", 
de%*intinp:  as  much  fmm  cd  to  the  right  as  it  before  deviated  to  the 
left.  The  obj*»ct  ^  will  luiw  be  seen  at  a  distance  to  the  left  of  the 
centre  wire  which  measures  the  angle  d'cd"',  which  is  twice  the 
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Fig.  10* 


angle  i>cd',  or  the  deviation  of  the  Ime  of  coUimatioD  fmoa  tLe 
ppqjendiciilnr  DC. 

27.  To  render  the  direction  of  tbe  supports  due  east  and 
west.  —  This  is  in  some  cases  accouiplbln-d  by  a  JtERlTMA^  mahs, 
which  i.**  II  distinct  objert,  auch  as  & 

white   vertical   Vmn   pftiiiled   on  «  g,  » 

block  pnroimd,  erected  nt  11  suffictt^nt  •  / 

distance  from  the  inntniment  in  the  \  / 

exact  iiieridifiu  of  the  observatory,  \  I 

If,  on  directing  the  tt-loscope  to  it,  \  j 

it  ifl  seen  on  the  one  wde  or  the  other  \  / 

of  the  middle  wire  (wliich  onght  to  \  j 

coincide  with    the   meridian),   th«  *  : 

direetinn  of  the  axis  a  R,Jit/.  8.,  will 
deviate  to  the  Aame  extent  from  the 
true  eaetrtnd  west,  ainco  it  hft5  heen 
already,  by  tlie  previmiB  ftdjust- 
meots,  rendered  ptirpeuilictdtir  to 
the  line  of  cullimation.  The  entire 
instmutent  must  therefoi-©  be  f?hifted 
round,  nntil  the  meridiim  murk  co-  A— 
iucides  with  the  middle  wii-e.  This 
is  accomplished  by  a  prodsion  made 
in  the  support  on  which  tho  extremity  of  the  axis  b,  ^^.  8.,  re«ta, 
by  which  it  has  a  certain  play  in  the  horizontal  direction  urged  by 
a  tine  screw.  In  this  way  the  axis  A  B  is  brought  into  the  true 
direction  eiist  and  west,  and  therefore  the  line  of  collimation  into 
the  troe  raeridian. 

It  will  be  obserii'ed  that,  in  explaining  the  second  adjustment,  it 
lias  been  assumed  that  the  deviations  are  not  so  great  as  to  throw 
the  object  a  out  of  the  tield  of  n'«w  after  the  instrument  is  reversed. 
This  condition  in  praetiee  is  always  fidjilledj  the  extent  of  deviation, 
left  to  be  correctetl  by  the  itdjui*tment3  being  always  very  smalL 

28«  Miorometor  wires — ^metliDd  of  observing  n  transtt. — 
lu  the  focus  of  the  eye-piece  of  the  transit  iustmment,  the  system 
of  micrometer  wires  (11),  already  mentioned,  is  placed.  This 
consists  commonly  of  5  or  7  equidistant  wires,  placed  vertically  ut 
equid  distances,  und  intersected  at  their  middle  points  hy  a  hori- 
Konbd  wire,  as  represented  in  Ji^.  j.  In  inslTmnents  which  are 
adapted  to  the  chronor,i-ap]iic  iiiethml  of  ribserving  trnjisits,  the 
number  of  wires  is  considerahly  increased-  AVhen  the  instniment 
lias  been  adjusted,  the  middle  wire  »;j  wi'  will  be  in  the  plane  of  the 
meridian^  and  when  an  object  is  seen  upon  it,  such  object  will  h« 
on  the  celestial  meridian,  and  the  wjni  itself  may  be  reg'arded  as  a 
Bmall  arc  of  the  meridiui  rendered  risible. 
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The  fixed  starS)  as  will  be  expUiced  more  fully  hereafter, 
m  the  telescope,  no  mutter  how  high  ita  magmfying  power 
mere  lucid  poiDt^.  having  no  seneible  mftgnitude.  By  the  diurnal 
modoo  of  the  finnameut,  the  star  p&ases  Buccesaivelv  over  all  tho 
wires,  a  short  interval  being  interposed  hetweeu  its  passages.  Tho 
observer,  juist  after  the  star  approaching'  the  meridian  enters  the 
field  of  view,  proceeds  to  count  the  seconds  of  the  clock  by  his  ear. 
He  obsenes,  in  the  manner  already  explained,  to  a  fmciion  of  a 
second,  the  instant  at  wbich  the  star  crosses  each  of  the  wires;  and 
taking  a  mean  of  all  these  times,  he  obtains,  with  a  great  degree 
of  preciBion,  the  instant  at  which  the  star  pa^ed  the  middle  wire^ 
which  is  the  time  of  the  transit.  The  hour  and  minute  indicated 
by  the  dovk  is  noted  afber  the  observation. 

By  this  expedient  the  reaidt  has  the  advantage  of  as  many  inde- 
pendent observations  as  there  are  pamOel  wires.  The  errors  of 
observation  being  distriliuted,  are  proportionaDy  diminished. 

When  the  sun,  moon,  or  a  planet,  or,  in  general,  any  object 
which  has  a  sensible  di^k,  is  observed,  the  time  of  the  trtmsit  ia 
the  instant  at  which  the  centre  of  the  disk  is  upon  the  middk  wire. 

This  is  obtained  by  obaer^dng  the  clock-time  when  the  western 
and  eMtem  edgea  of  the  dii^k  come  in  contact  respectively  with 
each  of  the  vertical  wires*  Taking  first  a  mean  of  all  the  observed 
clock- times  of  the  transit  of  the  western  edge,  the  time  when  it  is 
on  the  middle  wire  u  found ;  and  in  like  miwmer,  the  mean  of  all 
the  observed  clock-times  of  the  transit  of  the  eaateni  edge  will  give 
the  time  when  that  edge  is  also  on  the  middle  wire ;  the  mean  of 
these  transit?  of  the  two  edges,  therefore,  determines  the  clock- 
time  of  the  transit  of  the  centre  of  the  diflk  over  the  middle  wire, 
or  A  mean  of  all  the  observed  dock-times  of  the  transit  of  both 
edges  will  give  the  same  result. 

By  day  the  wires  are  visible,  as  fine  black  lines  intersecting  and 
spacing  out  the  field  of  view.  At  night  they  are  rendered  visible 
by  a  lamp,  by  which  the  field  of  view  is  faintly  iilimiinat^d. 

In  many  observatories  tnmaits  are  also  observed  by  the  chronq- 
graphic  method,  and  recorded  by  the  aid  of  galvanism  on  a  revolv- 
Lng  cylinder.  In  this  case,  the  clock  is  provided  with  means 
for  sending  a  galvanic  signal  t^^  the  reconting  apparatus  at  every 
vibration  of  the  pendulum,  causing  a  puncture  to  be  made  on 
the  paper  -R-ith  which  the  cylinder  is  covered.  This  series  of 
puuctiires  form  one  long  spiral  line,  the  prickers  being  attached  to 
a  travelling  frame,  which  h  carried  by  an  unifonn-moti«»n  clock, 
which  at  the  same  time  causes  the  cylinder  to  revolve.  The  office 
of  theob&<T\'er  is  simply  to  press  an  ivory  key  When  the  star 
passing  each  wire  in  the  tield  of  view ;  this  completes  the  gidvai 
circuit  and  causes  a  puncture  for  each  wire  observed  to  be  made 
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between  tbe  seriea  of  clock  punctures.  It  is  a  mutter  of  very  little 
trouble  to  extract  the  exact  sceond  and  fraction  of  a  second  at 
which  the  separate  observations  were  made. 

The  resulta  horn  this  method  anj  considered  more  trustworthy 
than  those  determini'd  by  "^ eye  and  ear."  From  a  mean  of  loi 
transits  obeerved  at  Greenwich,  it  wfia  foimd  that  the  probable 
error  of  one  transit  by  the  chrouojffrapbic  method  waa  o"o  17^  while 
by  the  "eye  and  eer"  it  amounted  to  o'otS.  In  another  deter- 
mination on  a  different  principle,  the  excees  in  the  same  direction 
aniicnmted  \^  0*014.  Though  this  Amount  may  seem  inaigniticjiDt 
to  the  reader,  iieveriheleM  it  la  of  considerable  importfuice  in  con- 
nection with  astronomical  obsen'ations.* 

29.  A^pftre&t  motion  of  objeoU  fn  tHe  field  of  view.— 
Since  the  telescope  reverses  the  objects  observed,  the  motion  in  the 
field  will  appear  tiube  from  west  to  eft;stj  while  that  of  the  firniaraeat 
is  firom  east  to  west.  An  obj  ect  will  therefore  enter  the  field  of  view 
on  the  west  side,  and,  having  croased  it,  vrill  leave  it  on  the  east  eide. 

Since  the  sphere  revolvea  at  the  rate  of  1 5*  per  hour,  1 5'  per 
minute,  or  1 5"  per  second  of  time^  an  object  will  be  seen  to  pasa 
acTOBS  the  field  of  view  with  &  motion  absolutely  uniform,  the  space 
paaied  over  bet^veen  two  successive  beata  of  the  pendidum  being 
invariably  1 5". 

Thu4^  if  the  moon  or  ann  be  in  or  near  the  equator,  the  disk  will 
be  observed  to  pass  acroaa  the  field  with  a  visible  motion,  the  in- 
terval between  the  moments  of  contact  of  the  western  and  eastern 
edges  with  the  middle  wire  beinfjr  a™  8*,  when  the  apparent  dia- 
meter is  32'.  Thus,  the  disk  appears  to  move  over  a  space  e^ual  to 
half  its  own  diameter  in  i"  4'. 

30.  Clrelem  of  aeclliiatlon»  or  boar  cliroloA. — Circles  of  the 
celestial  sphere  which  pass  throug^h  the  polea  are  at  right  ang'lea  to 
the  celestial  equator^,  and  aro  on  the  heavens  exactly  what  meridians 
are  upon  the  terrestriid  globe.  They  divide  the  celestial  equator 
into  arcs  which  meosiiire  the  angles  which  such  circlea  form  with 
each  other.  Thus^  two  such  circles  which  are  at  right  angles  in- 
clude an  arc  of  90°  of  the  celestial  equatoiv  and  two  which  form 
with  each  other  an  angle  of  r"  include  between  them  an  arc  of  j** 
of  the  celestial  equator.  These  circles  of  DiCLiKATioif,  or  HO¥a 
ciHCLiia  8A  they  are  called,  are  carried  round  by  the  dluninl  motion 
of  the  heavens,  and  are  brought  in  euc cession  to  coincide  with  the 
celestial  meridian,  the  intervals  between  the  moments  of  their  coin- 
cidence with  the  meridian  being  always  proportional  to  the  imde 
they  form  with  each  nther,  or,  what  is  the  same,  to  the  Hrc  of  thn 
celeatiid  equator  included  between  theui.    Thus,  if  two  ciri.lta  of 
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declination  form  with  ^arh  othor  an  nnjjle  of  30*,  tlio  inteiml 
between  the  momenta  of  their  coincideoce  with  the  meridian  will 
he  two  sidereal  hoars. 

The  relative  poeition  of  the  ciides  of  declination  with  respect  to 
Oftch  other,  and  to  the  meridian,  <tnd  tlie  successive  poaitiona  as- 
sumed hy  any  one  such  circle  diirini;^  a  complete  evolution  of  the 
spliere,  will  be  perceived  oiid  iHiderfltood  without  difficulty  by  the 
Hid  of  a  celestial  globe^  without  which  it  is  scarcely  posaibl^i  to 
nhiun  any  clear  or  definite  notion  of  the  apparent  motiona  of  ce- 
lestial ohjecta. 

31.  Slffbt  iisceiialoii. — The  arc  of  tbo  celesH^d  equator  be- 
tween any  circle  of  declination  and  a  certain  point  on  the  equator 
called  the  FiBST  poorx  OF  ARIES,  b  called  the  eight  kapssfsioN  of 
all  objects  tliToiigh  which  the  circle  of  declination  paesc*.  Thia  arc 
h  Always  undeTstootl  to  be  meaBUred  from  the  point  where  the  circle 
of  declination  meets  the  celestii^  equator  ivestward^  that  \\  in  the  di> 
rcction  of  the  apparent  dinmal  motion  of  the  heaTcna^  anil  it  may  ex- 
tend, therefore,  over  any  part  whatever  of  the  equator  from  0°  to  360**, 

Right  ascension  is  expressed  Bometimes  according  to  angiilar 
magnitude,  in  degrees,  minutes,  and  seconds;  but  since,  aocording 
to  what  baa  been  explmned,  theae  magnitudea  are  propoTtaoiud  to 
the  tim©  they  take  to  pasa  over  the  meridian,  right  ascension  ia 
more  frequently  expressed,  ijnniedirtt^ly  by  this  time.  Thiia,  if  the 
right  ascension  of  an  object  ia  15**  15'  \i'^\  it  will  be  expreaaed  alao 
by  !*•  1"  V. 

In  general,  right  aBcension  expreflned  in  degrees,  minutea,  and 
seconds  may  he  reduced  to  time  by  dividing  it  by  1 5  \  and  if  it  be 
expreased  in  time,  it  may  be  reduced  to  angular  language  by  mul^ 
ti|)Iying  it  by  15. 

The  di/Terence  of  right  ascensions  of  any  two  objects  may  be  as- 
certained by  the  transit  instrument  and  clock,  hy  ohafirving  the  in- 
ter\'al  which  elapeea  between  their  tranaita  over  the  meridian. 
T1m3  interval,  whether  expressed  in  time  or  reduced  to  degreee,  ia 
their  ditterence  of  right  aacens^ion. 

Hence,  if  the  right  ascension  of  any  one  object  be  known,  the 
right  ascension  of  all  otht^rs  cnn  be  ffnind. 

^  2.  sidereal  oloclt  itidJcatea  rlffbt  asoeaalon.^lf  the  hiinds  of 
tliM  «id(*real  clock  be  set  to  o''  o"  o'  when  the  first  point  of  Aries  ia 
on  the  meridian,  they  will  at  all  times  (supposing  the  rate  of  thd 
clock  to  be  corre^^t)  indicate  the  right  o^cension  of  euch  objects  aa 
are  on  the  meridian.  Por  the  motion  of  the  hands  in  that  cese  cor- 
responds exactly  with  the  apparent  motion  of  the  meridian  on  the 
ceh'fltial  eqv^tor  produced  by  the  diurnal  motion  of  the  Keavena. 
While  1 5*=  of  the  equator  paae  the  meridian  the  bands  move  through 
I**,  and  other  motions  are  made  in  the  ^ame  proportirtn. 
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33.  The  mural  elrele. — The  transit  instziunent  and  sidereal 
clock  supply  means  of  determining  with  extreme  precision  the  in- 
stant at  which  an  ohject  passes  the  meridian;  but  the  instrimient 
is  not  provided  wiih  any  accurate  means  of  indicating  the  point  at 
which  the  object  is  seen  on  the  meridian.  A  circle  is  sometimes, 
it  is  true,  attached  to  the  transit  by  which  the  position  of  this  point 
may  be  roughly  observed;  but  to  ascertain  it  with  a  precisiO!n  pro- 
portionate to  iktLt  with  which  the  transit  instrument  determines 
the  right  Ascensions,  requires  an  instrument  constructed  and 
mounted  for  this  express  object  in  a  manner,  and  under  conditions, 
altogether  different  from  those  by  which  the  transit  instrument  is 
regulated.  The  foml  of  instrument  adopted  in  the  most  efficiently 
furnished  observatories  for  this  purpose  is  the  mural  ctegle. 

This  instrument  is  a  graduated  circle,  similar  in  form  and  prin- 
ciple to  the  instrument  described  in  ( 1 3).  It  is  centred  upon  an  axia 
established  in  the  face  of  a  stone  pier  or  twdl  (hence  the  name)  erected 
in  the  plane  of  the  meridian.  The  axis,  like  that  of  a  transit  in- 
strument, is  truly  horizontal,  and  directed  due  east  and  west. 
Being  by  tHe  conditions  on  which  it  is  first  constructed  and 
mounted,  very  nearly  in  this  position,  it  is  rendered  exactly  so  by 
two  adjustments,  one  of  which  moves  the  axis  vertically,  and  the 
other  horizontally,  by  means  of  screws,  through  spaces  which, 
though  small,  are  still  large  enough  to  enable  the  observer  to  cor^^ 
rect  the  slight  errors  of  position  incidental  to  the  workmanship  and 
mounting. 

The,  instrument,  as  mounted 
and  adjusted,  is  represented  in 
perspective  in  Jig.  11,  where  A 
is  the  stone  wall  to  which  the 
instrument  is  attached,  d  the  cen- 
tral axis  on  which  it  turns;  and 
F  Qt  the  telescope,  which  does 
not  move  upon  the  circle,  but  is 
immovably  attached  to  it,  so 
that  the  entire  instrument,  in- 
cluding the  telescope,  turns  in 
the  plane  of  the  meridian  upon 
the  axis  D. 

A  front  view  of  the  circle  in 
the  plane  of  the  instrument  is 
given  in^.  1 2. 

The   graduation    is   usually 
made  on  the  edge,  and  not  on 

the  face  limb.    The  hoop  of  metal  thus  engraved  forms,  therefore, 
what  may  be  called  the  tire  of  the  wheel. 


Fig.  II. 
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A  trough  Of  containingr  mercury,  is  placed  on  the  floor  in  a  ocm- 
yenicnt  poaition  in  the  plane  of  the  inBtnunenty  on  the  sux&ce  of 


/ 


Fig.  IX. 

which  are  seen,  by  reflection,  the  objects  as  they  pass  OT«r  the 
meridian.  The  obseTver  is  thus  enabled  to  ascertain  the  directioiifl^ 
as  well  of  the  images  of  the  objects  reflected  on  the  mercuij,  at 
of  the  objects  themselves,  the  advantage  of  which  will  presently 
appear. 

Convenient  ladders,  chairs,  and  couches,  capable  of  being  adjusted 
by  racks  and  other  mechanical  arrangements,  at  any  desired  incli- 
nation, enable  the  observer,  with  the  utmost  ease  and  comforty  to 
apply  his  eye  to  the  telescope,  no  matter  what  be  its  direction. 

In  the  Greenwich  observatory,  the  mural  circles  formerly  in  use 
were  six  feet  in  diameter,  and  consequently  about  226  inches  in 
circumference.  Each  degree  upon  the  circumference  measuring, 
therefore,  above  six-tenths  of  an  inch^  admits  of  extremely  minute 
subdivisi^on. 

The  divisions  on  the  graduated  edge  of  the  instrument  are  num- 
bered as  usual  from  0°  to  3  60°  roimd  the  entire  circle.  The  position 
which  the  direction  of  the  lino  of  coUimation  of  the  telescope  has 
with  relation  to  the  0°  of  the  limb  is  indifferent.  Nothing  is 
necessary  except  that  tliis  line,  in  moving  round  the  axis  D  of  the 
instrument,  shall  remain  constantly  in  the  plane  of  the  meridian. 
This  condition  being  fulfilled,  it  is  evident  that,  as  the  circle 
revolves,  the  line  of  coUimation  will  be  successively  directed  to 
every  point  of  the  meridian  when  presented  upwards,  and  to  every 
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point  of  its  reflected  image  oe  the  mercuxy^  when  presented  down- 
wards. 

34.  Utettiod  of  obiervlnir  wltb  It. — The  poeition  of  the  instra^ 
mi*iit  when  directed  successively  to  two  objecta  on  the  meridian,  or 
to  their  inia^ps  reflected  on  the  mercury^  beings  observed,  the  angidar 
distance,  or  the  arc  of  the  meridian  between  them,  will  be  found 
by  ascertainini^  the  arc  of  the  graduated  limb  of  the  instninient, 
which  paaaea  before  any  fixed  point  or  index,  when  the  telescop*^  ia 
turned  from  the  direction  of  the  one  object  to  the  dirL*clion  of  the 
other. 

3  ^ .  Cotnponad  nilorosooiieB —their  number  and  lue.'— Thb 
arc  ia  observed  by  a  conipomid  niicroacope  (l6)j  attached  to  the 
wall  or  pier,  and  directed  towards  the  p^duated  limb.  The 
manner  in  which  the  fractiou  of  a  divieion  of  the  limb  ia  observed 
by  this  expedient  has  been  already  explained.  But  to  give  greater 
precision  to  the  obseryatiou,  aa  weE  as  to  efface  the  errors 
which  might  ariae,  either  from  defective  centi^injsr,  or  from  th» 
email  derangement  of  Mgiire  that  might  arise  from  the  flexure  pro- 
duced by  tlie  weight  of  the  instnimont,  several  compound  micro- 
Bcopea — generally  six — ^are  pnjvided  at  equai  diataneea  aroimd 
the  limb,  so  that  the  observer  ia  enabled  to  note  the  position 
of  six  indices.  The  six  area  of  the  limb  which  pass  imder  them 
being  ob*en'ed,  are  eq^uivalent  to  six  independent  observatiousj  the 
mean  of  which  being  takeUf  the  errors  incidental  to  them  ore 
reduced  in  proportion  to  their  nundier. 

36.  Circle  pHmBrllr  a  dllforentlal  inatnuaent. — The  obser- 
vationSf  howeverj  thus  taken  are,  strictly  speaking,  ooly  differential. 
The  arc  of  the  meridian  between  the  two  objects  ia  detenninedj 
and  this  arc  ia  the  difference  of  their  raeridional  distances  from  Iho 
zenith  or  from  the  horizon  j  but  unleaa  the  poaitions  which  the  six 
indices  have,  when  the  line  of  coUimalion  ia  directed  to  the  zenith 
or  horizon,  be  kno^^Ti,  no  positive  result  arises  from  the  observations ; 
nor  can  the  absolute  distance  of  any  object,  either  from  the  horiaon 
or  the  zenith p  be  ascertained^ 

37.  BCfitbod  of  aacertalntitff  tlie  borisontal  p«lnt. — The 
"reading/'  sis  it  is  technically  called,  at  each  of  the  microscopes,  in 
any  proposed  position  of  the  instrument,  is  the  dbtance  of  that 
micToacope  from  the  zero  point  of  the  limb.  Now  it  is  evident  that 
hidf  the  sum  of  the  two  readings  at  any  microscope,  when  the 
telescope  ia  succeaaively  directed  to  an  object  and  its  image  on  the 
mercury,  wiU  be  the  reading  at  the  6ame  mlcroBcope  when  the  line 
of  collimatiou  h  horizontah 

38.  Metlmd  of  otiaervtnr  altltnileB  and  menith  distance*. — 
The  mean  of  the  readings  of  all  the  microscopes,  when  the  teles^.^opo 
is  directed  to  the  horiionj  known  as  the  hQrizonial pointjh^m^  thus 
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determined,  fonns  a  necegsflry  datimi  iu  all  observations  of 
iiltitudes  or  zenith  disUmcea  of  objeeta.  To  detennine  the  jdtitude 
of  an  objcHL't,  the  t4*le8copf?  must  ha  directed  to  it,  so  thnt  it  sbnlL  bo 
seen  nearly  hiseetod  by  the  horizoiitrd  wire,  near  the  centre  of 
tJie  field  of  view ;  then  W  miians  of  a  dow  niation  tangrent-ecre-w  it 
ia  brought  on  to  the  wir«  and  exactly  bisected  by  it,  the  instnurieDt 
being  tixe<l  hy  a  clamp.  The  six  microscopes  arw  then  read,  a  Dieon 
of  wiiich  ia  taken  to  obtfciu  a  cirf4e  reading:  ffee  from  any  error  dn« 
to  excentricity  of  thf<  firt'lv.  The  readinc^  when  the  tcloacope  ia 
horizontal  being  known,,  the  diflereuee  between  these  two  readiliga 
gives  the  iiltitndo. 

The  altitude  of  an  object  being  determined ,  its  zenith  dtstjuice 
may  be  found  by  siibtnictin^r  thu  ultitmle  fmin  90"*. 

59.  nSetliod  of  determiiiijiK:  tlie  posltioii  of  tbe  pole  aatf 
CMiuAtori — Tho  iiuixal  einde  may  be  rejji^uxled  as  the  celestial 
meridiem  reduced  in  ftrule»  and  bruojjrht  immediittely  under  the  hands 
of  the  obaen  f  r,  so  that  all  distances  upon  it  may  be  subniitted  to 
exact  examination  and  mea^nrement.  Besides  the  zenith  and  hori- 
zon, thepasitions  of  which,  in  relation  to  the  micnwcopes,  have  j««t 
been  appertained,  there  are  two  other  points?  of  equal  iinport^ince,  the 
pole  and  the  equator,  which  should  alBo  he  established. 

The  stars  which  are  so  near  the  celestial  pole  thnt  they  never  aet, 
are  carried  by  the  diurnal  motion  of  tbe  heaven*  round  the  pole  in 
siuail  circlea,  crossing  the  visible  meridiflii  twice,  once  above  and 
once  below  the  pole.  Of  all  the  circiunpoliir  stars^  the  most  im- 
portant and  the  moat  nsefnl  to  the  ohser^er  is  the  pole  itar,  both 
becaut§e  of  its  close  proximity  to  the  pole,  fn)oi  which  its  diatanoe 
iaonly  i|°,  and  because  ita  nnioriitude  is  sufficiently  gre^at  to  be 
viflible  with  the  telescope  in  the  day.  This  sUtr.  then,  croftsea  th« 
meridian  above  the  pole  and  below  it,  at  ititurvala  of  twelve  houiB 
sidereal  time^  and  the  true  position  of  the  pole  ia  exattly  midway 
between  the  two  points  where  the  star  thus  ci'oasea  the  meiidiaii. 

If,  thereforCjf  the  readin^d  of  the  six  microaoopea  be  taken  when 
tbe  pole  star  makes  it^  tranmt  above  and  below  the  pole,  tlieir 
readm^s  for  the  pole  itself  wUl  be  half  the  sum  of  the  former  for 
each  micKWCope. 

The  reading  for  the  pole  bein^  determined,  those  which  corre* 
spond  to  the  piiint  where  the  celestial  equator  crosaefi  the  meridian 
may  be  foimd  hy  aubtracting  the  former  from  90*^. 

^\lien  the  positions  of  the  microscopes  in  relation  to  the  pole  and 
equator  are  detennined,  the  latitude  of  the  obsat^rvatory  will  be 
known,  mwv  it  is  equal  to  the  altitndi'  of  the  celestial  pole, 

40.  All  clrdea  of  deollnfttlom  represented  1>y  tlie  circle.-^ 
Since  the  circlua  of  d«jdiuatiun,  which  are  inui^aned  t«Hun\jund  the 
beaTeoa^  arc  brought  by  the  diurnal  motion  in  iiucceasion  to  coincida 
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with  the  celestial  meridian  (30),  and  eiace  that  meriilian  \s  itmit 
represented  by  the  niund  circle,  that  circle  may  be  considered  as  pre- 
aeuting  succesaively  a  model  of  evtTV  cin*le  of  declinfttiou  ;  iiiiil  the 
pogition  of  any  object  u]>on  the  circle  of  declination  is  repi-esented 
i>n  the  mural  circle  by  the  position  of  tbo  telescope  when  directed 
to  the  point  of  tho  meridian  at  which  the  obje-ct  croasea  it. 

II'  the  object  have  a  fi-ted  position  on  the  iirrauinent,  it  u  evident 
that  it  will  always  pass  the  meridian  at  the  same  point ;  and  if  the 
telescope  bo  directed  to  that  point  and  maintained  there,  the  object 
will  be  seen  at  the  interaectiou  of  the  wires  regularly  after  intervals 
of  twenty-four  hours  eidere^d  time, 

41.  Decllnatloxi  fiad  polar  dUstance  of  an  o1)Jeot. — The 
distance  of  an  object  from  the  CL'lestial  equator,  measured  upon  the 
circle  of  declination  w-hich  passes  throu^rh  it^  U  called  ita  DKCllJfA- 
Tios,  and  is  NORtn  or  aouiUj,  according  to  the  aide  of  the  equator 
at  which  the  object  ia  phifod. 

The  declination  of  an  object  is  ascertained  with  the  mural  circle 
in  the  same  manner  and  by  the  same  obser\'ation  as  that  which  givea 
its  altitude.  The  readings  of  the  microacopea  for  the  object  being 
compared  with  their  readings  for  the  pole  (39),  jfive  the  polar 
distunco  of  the  object;  and  the  dilTeience  between  the  polar 
distances  and  90*^  gives  the  declination. 

Thus  the  polar  distance  and  declination  of  on  object  are  to  the 
equator  exactly  what  its  altitude  and  zenith  distance  are  to  the 
horizon.  But  «iuce  the  equator  nuiintaio*  always  the  miue  posi- 
tion during  the  diunml  uuition  of  the  heavens,  the  declination  and 
polar  distance  of  an  object  are  not  alfected  by  that  motion i  and 
remain  the  same,  while  the  altitude  and  zenith  distancea  are  con- 
stantly chtmging. 

42.  9oBltlon  of  an  object  deQued  hy  tts  declination  and 
Tirtit  asoenston.— The  iMisiilun  of  an  object  on  the  tinmutient  ia 
dettjrmined  by  its  declination  and  right  ascension.  ltd  declination 
expresses  its  distance  north  or  south  of  the  culestiiil  equatiir,  and 
it^  right  asceoflion  expresses  the  distance  of  the  circle  of  declina- 
tion upon  which  it  ia  placed  liiom  a  certain  defined  point  upon  the 
celestial  equator. 

It  ifl  evident,  therefore,  that  declination  and  riglit  ascension  define 
the  position  of  celestial  objects  in  exactly  the  same  manner  as 
latitude  and  longitude  define  the  position  of  places  on  the  earth. 
A  place  upon  the  globe  may  be  regarded  as  beuiff  projected  on  the 
lieavens  into  the  point  which  fo nn^  its  xenith  :  and  hence  it  appear* 
that  the  latitude  of  the  place  is  identical  with  the  declination  ofita 
zenith. 

43.  Sgoatorlal  Instmtzient.  —  The  exact  diirection  of  the  axia 
of  the  celestial  sphere  being  itdceit*dned,  it  is  possible  to  coniitruct 
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an  apparatus  which  shall  be  capable  of  revolving  upon  a  fixed  axis, 
the  direction  of  which  shall  coincide  with  that  of  the  sphere;  to 
that  if  a  telescope  were  fixed  in  the  direction  of  this  axu,  its  lino  of 
collimation  would  exactly  point  to  the  celestial  pole. 

Upon  this  axis,  thus  directed  and  fixed,  suppose  a  telescope  to  be 
so  mounted  that  it  may  be  placed  with  its  line  of  collimatioii  at  anj 
desired  angle  with  the  axis,  and  let  a  properly  graduated  arc  be  pro- 
Tided,  by  which  the  magnitude  of  this  angle  may  be  measured  with 
all  practicable  precision. 

Thus,  let  KJL%fg,  13,  represent  the  direction  of  the  axis  on 
which  the  instrument  is  made  to  leTolve.    The  line  A.  sf,  if  oon- 


rig.  ij. 


tinned  to  the  firmament,  would  paM  through  the  polo  p.  Let  C  0 
represent  the  lino  of  collimation  of  a  telew^ope,  so  attached  to  the 
axis  at  c  that  it  may  be  placed  at  any  des^ired  au^rle  with  it ;  which 
may  be  accomplished  by  placing  a  joint  at  c  on  which  the  telescope 
can  turn.  Let  N  o  n'  bo  a  graduated  arc,  to  which  the  telescope  is 
attachetl  at  0,  and  which  turns  -with  the  telewopo  round  the  axil 
A  aS.    When  the  telescope,  being  fixed  at  any  proposed  angle  oca' 
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with  the  BJOBf  is  tuined  round  ▲▲',  the  line  of  collimation  describes 
a  cone  of  which  c  is  the  vertex  and  c  a'  the  axis,  and  the  extremity 
o  deecribes  an  arc  00'  of  a  circle  at  a  distance  from  v^  ineasuredbj 
the  angle  oca^ 

If  the  line  of  collimation  c  0  or  c  0'  be  imagined  to  be  continued 
to  the  heavens,  it  will  describe,  as  the  telescope  revolves,  a  circle 
o  </  on  the  firmament  corresponding  to  the  circle  0  0%  and  at  the 
same  angular  distance  op,  (/p  from  the  celestial  pole/y,  as  the  end 
o  or  0^  of  the  line  of  collimation  of  the  telescope  is  from  k'  or  a'. 
In  short,  the  angle  0  CK'  equally  measures  the  two  arcs,  the  celestial 
arc  op  and  the  instrumental  arc  0  n'. 

The  instrument  thus  described  in  its  principle  is  one  of  most  ex- 
tensive utility  in  observatories,  and  is  called  an  EaxTATOBiAL. 

In  its  practical  construction  it  is  very  variously  mounted,  and  is 
generally  acted  upon  by  clock-work,  which  imparts  to  it  a  motion 
round  the  axis  a  a',  corresponding  with  the  rotation  of  the  celestial 
sphere. 

One  of  the  many  mechanical  arrangements  by  which  this  maybe 
effected  is  represented  in^.  14,  as  given  by  the  Astronomer  Royal, 
in  his  lectures  delivered  at  the  Ipswich  Museum. 


Fig.  14. 


The  instrument  is  supported  upon  pivots^  so  that  its  axis  a  V  shall 
coincide  exactly  with  tiie  direction  of  the  celestial  axis.  The  tele- 
scope c  D  turns  upon  a  joint  at  the  centre,  so  that  different  directions 
sudi  ascf  !/,(/'  J)'%  may  be  given  to  it  The  motion  upon  its  axis  is 
imparted  to  it  by  wheel-work  e'lk,  impelled  by  clockwork,  as 
already  mentioned. 

Having  explained  the  general  construction  of  the  principal  m- 
stniments  used  in  astronomical  observations,  we  will  now  devote 
the  remainder  of  this  chapter  to  a  description  of  a  few  celebrated 
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instruments  of  each  class,  which  are  remarkablo  for  their  stabilitj 
and  magnitude. 

44.  Sir  "W.  Hersebers  fbrty-feet  refl^otor. — This  inatiu- 
meuty  wliich  is  memorable  as  the  first  over  constructed  upon  a 
pcale  of  such  stupendous  magnitude,  and  still  more  so  for  the  vast 
discoveries  made  with  it  by  its  illuiitrious  inventor  and  oonstmctory 
is  reprt'scnt'.'d  iu  Plate  II.  It  is  not  necessaiy  to  gfive  a  detailed 
accoimt  of  this  celebrated  instrument,  as  it  has  been  dismantled 
since  the  removal  of  Sir  John  liersohel  from  Sloughy  and  haa  not 
been  remounted.  ITie  total  length  of  the  telescope  tube  was  39  ft 
4  in.  and  its  clear  diameter  4  ft.  i  o  in.,  the  diameter  of  the  apeculum 
being  4  ft.,  with  a  refliKiting  surface  of  1 2-566  square  foet. 

45.  Tbe  Soase  teleaoopes.  —  The  lesser  instrument,  with  its 
mounting,  is  represented  in  IMatc  III.  The  speculum  is  3  feet 
aperture,  and  7-068  sqiuire  feet  reflecting  surface.  The  length  of 
the  telescope  in  27  feet.  It  is  enacted  upon  the  pleasure  grounds  at 
Parsonstown  Ciustle,  the  scat  of  its  illustrious  constructor.  The 
weight  of  metal  in  the  speculum  is  about  1 3  cwt* 

liut  the  most  stupdndr>us  instrument  of  celestial  invostigatioDi 
and  by  fju*  the  largest  and  most  powerful  ever  constructed,  is  re- 
jiresented  iu  Plates  IV.  and  V.  from  drawings  made  for  this  work 
under  the  superintendence  of  his  Lonlsliip  himself.  Plate  IV. 
prewjnts  ft  south,  and  Plate  V.  a  nortli  view  of  the  instrument. 

Tlic  clear  aperture  is  6  ft.,  and  cons<M^uently  the  magnitude  of 
the  reflecting  sm-foce  is  28*274  sqiiaw  feet,  being  greater  than  that 
of  llersthers  great  telescope  in  tht;  rjitio  of  7  to  3. 

Tho  instrument  is  at  present  us«'d  oa  a  Newtonian  teleaoope 
(0. 504),  that  is  to  say,  the  rays  proceeding  along  the  axis  of  the 
great  speculum  are  received  at  an  angle  of  45^  upon  a  second  small 
specidura,  by  which  the  fhcus  is  thrown  towards  the  side  of  the 
tubo  where  the  eye-piece  is  directed  upon  them.  Providon  is, 
however,  made  to  use  the  instrument  also  as  a  ilerschelian  tele- 
scope. 

Tho  groat  tube  is  supported  at  the  lower  end  upon  a  maasiTe 
miiversal  joint  of  cast-iron,  resting  on  a  pi(fr  of  stone- work  buried 
in  the  ground,  and  is  so  counterpoised  as  to  be  moved  with  great 
eaae  in  declination.  In  all  such  instruments,  when  it  is  required 
to  direct  them  to  an  object,  they  are  first  bn)ught  to  the  desired 
direction  by  some  expedient  capable  of  moving  them  more  rapidly^ 
and  they  are  afterwards  brought  exactly  upon  the  object  by  a  slower 
and  more  delicate  motion.  In  this  rase,  the  quick  motion  is  givea 
by  a  windlass,  worked  upon  the  ground  by  an  a-vistant  at  the  com- 
mand of  the  obser>'er.  The  slow  motion  is  imparted  by  a  mechan- 
ism placed  under  the  hand  of  the  observer. 

The  extreme  range  of  the  telescope  in  right  ftsi^ension,  when  di^ 
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pected  to  the  ©quatar,  ifl  l  boiir  in  time,  or  15"  in  space;  but 
wlien  directed  to  higher  dfcliiiation?,  its  range  la  more  extenfiive. 

The  tube  ie  slung  entirely  by  chains,  and  is  perfectly  steady,  eveu 
in  n  srnle  of  wind, 

Wh«n  prejionted  to  the  Routh,  the  tube  ciiu  be  lowered  until  it 
is  nearly  horizontal  j  townrda  the  north,  it  cjin  only  be  depressed  to 
t]w  idtitiuie  of  the  pole.  Th€>  Apparatus  of  sufpension  is  so  armnioi^d 
that  the  inetniment  may  he  workod  as  jin  equatorial,  and  it  is  even 
intended  to  apply  a  clock-work  mecbftnism  to  it. 

The  horizontal  axia  of  the  preafc  oii vers d  joint,  by  which  the 
lower  end  is  supported^  carries  an  index  pointiufz"  to  polur  diatnnce, 
and  plftyinfl^  on  a  graduated  arc  of  6  feet  mdiim.  By  this  means,  the 
telesieo|K)  ia  easily  set  in  polar  distjince.  The  same  object  is  also 
attained,  and  with  ^ater  precision,  by  a  zo^inch  circle  attached 
to  the  infitmment. 

Two  apertda  have  been  provided  for  the  telescope,  one  of  which 
contains  3^,  and  the  other  4  tons  of  metal,  the  composition  of 
which  is  1 26  parts  in  wei|Qrht  of  copper  t<j  ^y^  of  tiiL 

The  great  tube  is  of  wood  hooped  with  iron,  and  i«  7  feet  in  dia- 
meter, and  52  in  lerapth.  The  side-walls,  12  ffet  distniit  frnni  the 
tube,  are  72  feet  in  length,  48  feet  in  height  on  the  outaide,  and 
56  feet  in  the  inside.  These  walla  are  built  in  the  plane  of  the 
meridian. 

The  observer  stands  in  on©  or  other  of  four  gialleriea,  tha  three 
hi;;hest  of  which  are  drawn  oat  from  tho  western  wall,  while  the 
fourth  or  lowest  has  for  its  base  an  elevatinpf  platform,  dang  the 
Burffice  of  which  a  gallery  is  moved  from  wall  to  wall  by  a,  me- 
chanism at  the  command  of  the  obeers'cr. 

46.  THe  OKford  bellometer* — Thifi  class  of  instrument, 
which  derivL's  it^  n«tne  frttm  having  been  first  applied  to  the  raea- 
Burement  of  the  diamet**r  of  tho  eim,  consisU«<  of  &  teleJ?c.opo 
mounted  as  an  equatorial,  the  object-glasa  of  which  is  divided  along 
a  plan©  passing  tbr(.)ugh  its  optic  axis,  each  half  of  the  lens  being 
capable  of  being  moved  in  its  own  plane,  so  that  the  axe^  of  the 
two  semi-letiaea,  being  always  parallel  to  each  oth»-r  anii  to  the 
axis  of  the  telescope,  may  be  within  certain  limits  separated  from 
each  other,  ^ore  or  less,  at  the  pleasure  of  the  observer. 

From  whttt  has  been  explained  in  general  of  the  etnictiire  of  an 
eqiiatoriid  instniment  (43),  and  from  the  drawing  of  this  instru- 
ment given  in  Plate  YL,  the  provisions  for  the  direction  of  the 
telescope  in  right  ascension  imd  declination  will  be  easil}'  compre- 
hended- The  polar  axis,  round  which  the  instrument  turns  in  right 
ascension,  is  fixed  upon  the  face  of  a  block  of  Portland  stone,  and 
the  graduated  circle  measuring  right  a^seeosion  is  seen  at  the  top 
and  at  right  angles  to  tho  polar  axis.     This  circle  teceivee  it* 
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motion  in  the  usual  way,  from  clockwork,  wkicli  is  attach* 
the  Atone  pier,  ftod  whichj  with  ita  impelliDg  suapeoded 
11  Been  in  lii6  drawing.     Rods  ure  provided  by  which  the  o 
can^  Rt  pleasure,  set  the  clock  gobp,  or  stop  it,  aud  connect 
with,  ordifl«ngage  it  from,  the  equatorial  circle. 

The  circle  for  indicating  polar  distance  or  declination  is  placed 
upon  the  horizontal  axis  of  the  instrument,  and  also  appears  in  the 
drawing  at  the  side  oppoaite  to  that  at  which  the  teleacope  is 
attached. 

The  object-glass  of  this  instruracnt,  sometimes  called  the  "  tli- 
iided  object-glass  niicTometer/*  supplies  a  very  accurate  method  of 
meaauring  angles  which  do  not  exceed  a  certain  limit  of  magni- 
tude. 

It  appears  by  the  principles  of  optics,  that  when  the  image  i»f 
ft  ^listatit  object  m  produced  by  a  h;iis»  each  pmnt  of  &uch  image  id 
formed  by  rays  which  proceed  from  ex^enj  poitd  of  the  lena.  Il^ 
therefore,  a  part  of  the  lens  be  covt-red  by  an  opuqiie  body  or  cut 
away,  each  jmrU  of  the  image  will  etill  be  formed  by  the  rayt 
which  proceed  from  tntrj/  poitit  of  the  imt  which  is  iwt  CQt^rett  or  ctd 
away.  The  only  difiereuce  which  will  be  ohserred  in  the  image 
will  he,  that  it  will  be  less  stronjrly  illuminated,  being  deprived  of 
the  rays  which  it  rtsceived  from  the  part  of  the  lens  covered  or  cut 
away,  and  that  it  will  be  less  distinct  in  consequence  of  certain 
effects  of  diffraction  which  need  not  be  noticed  here. 

It  follows,  therefore,  that  hall  a  lens  will  produce  at  the  focus  an 
image  of  a  distant  object,  tmd  if  two  halves  of  the  same  lems  be 
placed  concentrically,  they  will  fonii  two  imagee,  the  exact  super- 
position of  which  will,  in  fact,  constitute  the  image  formed  by 
the  complete  leus.  But  if  the  two  halves  be  not  coiicentric4il,  the 
two  images  will  not  be  superposed,  but  will  be  sppamted  by  a  apace 
corresponding  with,  rind  proportional  tfl.  tbe  di^^tance  between  tli«* 
eentres  of  the  two  half  loiisas,  Thufl.  if  the  lenses  be  directed  ta, 
the  sun,  two  imagea  of  the  solar  disk  will  be  produced  at  the 
focua  of  the  lensee,  and  these  images  may  be  shifted  in  their  poai« 
tioQS,  the  centres  approaching  to,  or  rec**dinfr  from,  one  another* 
according  as  the  centres  of  the  two  half  lenses  approach  to,  of- 
recede  from,  each  other  j  and  if  the  angular  distance  through  which 
eitlier  uuage  moves  am  be  known,  it  is  easy  to  see  how,  by  this 
means,  the  apparent  dimneter  of  such  an  object  as  the  sun  can  bo 
measured.  For  this  purpose,  let  the  two  half  lenses  be  Jir&t  plaioedr 
concentrically,  so  that  the  two  images  shall  be  exactly  superpoMd^ 
Then  let  one  of  the  two  lenses  be  moved  (the  edges  of  the 
lenses  being  always  maintained  in  contact),  until  the  image,  f< 
by  the  semi -lens,  which  is  moved,  shall  be  removed  to  such  a 
tiou  that  the  two  inutges  ehaU  touch  each  other  exteniiiUy,  as  in 
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fi^r  ]  5,     In  that  case  it  ia  evident  tbut  tlit?  centre  of  the  image 

formed  bv  tlio  serai-lens  wLicli  bus 

been   moved,   must   lla^6    moved 

over  a  epace  equal  to  tbe  diamclcr 

of  the  image  of  tlie  disk,  nnd  if  the 

fiDg^ular   vnlue  of  such   »pAce  be 

known,  the  apparent  diameter  of 

the  8un  will  be  known.  *'^  '^ 

This  was  the  application  of  the  divide  object-gla«^,  Irt»iii  which 
the  heliometer  took  ib*  name.  Tlic*  instrument,  bowpver,  htts  since 
been  applied  to  so  many  other  important  purpui^es,  that  the  name 
haa  ceased  to  express  its  uses. 

The  two  semi-lenses  fonuinfr  the  object-glflM  of  the  heliometer 
are  set  edge  to  ed^e  in  strong  bras*  frames,  which  slide  in  grooves 
with  a  smooth  and  even  motion.  They  nre  moved  by  fine  ticrews 
which,  by  the  iDtervention  of  cog-wbeelsi,  are  tumeii  by  a  puir  of 
rods  which  paaa  along  the  tube  of  the  telescope.  The  separation 
uf  the  centres  of  the  semi-lenses,  nnd  consequently  the  angultir  dis- 
tance between  the  two  ima^s,  ia  measured  according  to  a  known 
ttcale  by  the  tmniber  of  turns  and  parts  of  a  turn  of  the  screw 
which  are  necessary  to  produce  the  eeparntion  or  to  bring  back  the 
semi-len&es  to  a  coucentricnl  position,  if  they  are  separated. 

It  is  obvious,  that  tbe  sitmo  principle  wiH  be  applicable  to 
measure  the  np parent  angular  distance  between  any  two  objects, 
tfueh  as  two  stars,  which  are  so  near  each  other  that  tht'V  may 
be  seen  together  in  tbe  field  of  view  of  the  telescope.  For  this 
purpose,  let  the  semi-lenses  be  tirst  placed  concentrically.  The  twi> 
jatiirs  »  and  €  will  then  be  seen  Lu  their  proper  positions  in  the 
Held.  Let  the  semi-lenses  he  then  Dioved  so  that  two  iraupea  of 
each  star  will  be  visible.  Let  the  motion  be  continued  imtil  the 
image  of  the  star  g  by  one  eemi-lcus  coiccidea  with  the  image  of 
the  other  star  s'  by  the  other  Berai-lens.  The  angidar  distance  cor- 
responding to  tbe  separation  of  the  lenaea  will  then  be  the  angular 
distance  between  the  stars. 

In  this  heliometer  a  very  ingeniona  contrivance  is  introduced  to 
enable  the  observer  to  read  the  scale  by  which  the  angular  magni- 
tude corregponding  to  the  sepai-ation  of  the  centrea  of  the  semi-lenaos 
is  indicated.  This  is  accomplished  by  placing  a  scale  behind  the 
object-glasfl  in  the  interior  of  the  telescope  tube,  so  that  it  can  be 
read  by  mean?)  of  a  long  microscope,  tbe  eye-glass  of  which  is  placed 
neMrthe  eye-piece  of  the  telescope.  This  interior  scale  is  iilumi- 
Rftted.  by  a  piece  of  platinum  wire  placed  near  it,  which  is  rendered 
incandescent  by  a  galvanic  current  transmitted  upon  it  at  pleasure 
by  the  observer.  This  current  is  produced  by  a  Smee's  battery 
placed  in  a  room  below  that  containing  the  heliometer. 
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A  Terr  fiplftndid  instrument  of  thia  das*  has  been  erected  at  the 
Pulkowu  objiennton,'. 

47*  The  Oreenwlcli  traji»lt-cirole.  — This  instrument,  which 
haa  suptTsif'ilMd  the  1  o-feet  transit  iuetniment  and  6-f»M»t  niunil  circle 
at  the  lio3"ftI  Observatory  since  th©  b^iLrinning'  of  1851,  baa  been 
eonstruL'led  on  &  viwt  scale  of  mftgiiitmle  and  stabilitT.  The  aper- 
ture of  the  objcct-glftSB  of  the  former  transit  being  about  5  inches, 
while  thttt  of  the  mural  circle  mea.supe<i  only  4  inchefi,  made  it 
grenerally  impossible  to  obtain  tmstworthy  ol^servations  of  the 
nujnennii*  small  planein  Tvhicrh  had  been  lately  discovered.  For 
the  credit  therefore  of  the  national  obsen-ator^%  it  was  LonsideTed 
advisable  to  erect  a  more  fH*werful  instrument  with  an  object-glasd 
of  increased  aperture,  and  in  the  fomi  of  a  trans it-cin'le. 

A  perspective  view  of  this  instrument  is  presented  in  Plate  VII., 
made  from  original  drawings  talven  by  permisaioa  of  the  Aatio- 
noraer  RoyaL 

It  was  also  found,  by  the  results  of  observations  made  with 
the  lo-feet  transit  iustnunent  thttt*  although  it  wna  the  best  of  its 
class,  and  had  been  constructed  with  the  greatest  degree  of  artistic 
skill,  it  was  nevertheless  so  uuFtable  m  to  produce  errors  in  the 
determination  of  time,  which  it  was  possible,  and  therefore  desir- 
able, to  remove  by  introducing  improved  prineiples  of  constnictioni 
which  will  be  presently  explaint>d  in  relation  to  another  instrument 
previously  erected  at  the  Ob^enatory. 

This  instrument  consiata  of  at^le^ope  fixed  belween  two  pai^llel 
circles,  one  of  which  18  graduated,  resting  on  horizontal  Bupportfl^ 
placed  on  two  stone  piers,  so  that  the  line  of  coUimation  moves  in 
the  plane  of  the  meridian. 

The  telescope  tiihe,  whirh  is  nearly  ]  2  feet  long,  eonrists  of  ft 
hollow  cube  of  metalt  to  which  two  lar^e  cones  nre  bolt(*d  by  means 
of  f)anfS:efl.  At  the  smaller  end  of  one  cone  is  the  object-gla&s,  and 
in  that  of  the  other  the  eye-piece.  Each  of  these  conea  weighs 
175  cwt.,  and  the  central  cube  with  it3  pivots  weighs  8  cwt.  Th» 
whole  lenjBth  of  the  horizontal  axis  of  the  in!*trunient  is  6  feet,  tho 
diameter  of  each  of  the  pivota  being  6  inches.  The  objeet-glasa  i» 
8  inches  apertuw^  its  optical  power  being  sufficient  for  the  obser- 
vation of  the  faintest  objects  which  are  presented  in  the  ordinaiy 
courae  of  meridional  obser^iitionB. 

The  parallel  circles  between  which  the  telescope  is  fixed,  are  each 
6  feet  in  diameter,  and  are  firmly  atta^'hed  to  cylindrical  bands,  one 
on  each  aide  of  the  central  cube  of  the  telescope.  The  clamping 
apparatus  is  applied  to  the  eastern  circle,  and  the  western  circle  ia 
gTidiiated.  The  readiug-off  »:*  efiected  by  means  of  six  niicroscopeB, 
each  45  inches  in  length,  which  are  eimply  inclined  peribratioiit 
throug^h  the  western  pierj;  having  their  eye-pieces  arranged  on  tht 
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back  of  the  western  pier  in  a  circle  whose  di&meter  is  2 1  inchea, 
»Lnd  their  object-glBsses  on  the  e«8teni  side  arraDg^  in  a  circle 
about  5  feet  itj  diameter^  pointiDg  to  the  divisiona  on  ^e  Umh  of 
the  ijradiiatf  d  circle. 

The  (rraduatioE  of  the  circle*  is  such  m  to  show  approximately 
ziinitb  diatimces ;  while  a  pointer  tlxed  to  a  block  projecting  from 
thtu  lower  part  of  tho  pier,  directed  to  another  ^rraduAted  band  on 
the  outer  or  eafitcm  aide  of  the  circle,  is  used  for  setting  the  tele* 
aoopSi  and  gives  approximately  north  pol/ur  distances.  A  small 
finder^  with  a  larj^e  field  of  ^ew,  ia  iitlached  to  the  aide  of  the 
cone  near  the  eye*piecej  for  the  convenience  of  setting  for  large 
objecta. 

A  liirge  gas-light  conveniently  placed,  illuTninatea,  by  meana  of 
a  lens  for  each  microscope,  the  g^radiiat^d  are  of  the  circle  at  the 
divisions  which  are  viewed  by  the  several  niicroscopea,  and  also  the 
field  of  the  tek'sco[v&. 

A  variety  of  other  provisions  and  adjustments  are  attached  to  the 
instrument,  which  it  would  be  impoji^ible  to  render  clearly  intelli- 
giljle  without  rt'fiirunce  to  theinBtmmeutilsclf,  or  very  deUilod  and 
ekhonit^?  dniwinga  of  its  several  parta^  which  our  limits  do  not 
pennit  us  to  iiitrniliice  here. 

48.  Tbe  FulkowA  prtme  Tertioal  fnatroioeiit, — This  instru- 
ment may  he  summarily  descriht'd  m  a  tnmsit,  whix»e  line  of  colli- 
mtttiou  moves  in  the  plane  of  the  prime  vertical,  instead  of  that  of 
the  meridian.  Nevertheh^sa,  its  astronomical  uses  are  essentially 
distinct  from  ihnsp  of  the  tninwit  iiL^trument  (25), 

The  first  instrument  mudts  on  this  principle  was  erected,  in  thi* 
beginning  of  the  last  century,  under  the  direction  of  the  celebrated 
Rfwin-sr,  whose  name  is  rend«^red  mcniorable  by  the  discovery  of  the 
mobility  of  light  (542).  It  was  applied  by  that  astronomer  chiefly 
to  obfler\'ations  on  the  sun  near  the  equinoxes ;  but  none  of  the 
purposes  to  which  it  has  more  rect'ntly  subsen'ed  appear  to  have 
been  contemplated,  and  the  instrument  was  allowed  to  fall  into  dis- 
use. Its  revival,  and  the  idea  of  il5  application  to  various  im- 
portant classes  of  observations  in  the  higher  departments  of  practical 
astronomy,  and  more  especijdly  to  replace  the  zenith  sector  in 
observations  having  for  their  object  the  more  exact  determination 
of  aberration  and  nutation,  fmd  for  researches  in  stellar  parallax,  is 
due  to  Professor  Besseb  Many  of  the  improved  details  of  construc- 
tion exhibited  in  the  Pidkowa  ii}*.trument  are,  howevei»,due  to  Pro- 
fessor Struve,  who,  besides,  hw§  obtained  such  remarkable  regulta 
by  the  Bystem  of  observations  which  he  has  made  with  it. 

The  Pulkowft  prime  vertical  instrument  was  constTUCted,  under 
the  direction  of  Prof»?a8<7r  Stnive,  by  Messrs.  Repsold,  of  Hamburg. 
Two  stone  piers  being  erected  in  planes  at  right  angles  to  the  me- 
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ridian,  venical  chAin  are  fixed  upon  their  eummit*  in  mch  a  poai- 
tioQ  tbat  the  line  jomiiig  them  is  iii  the  plane  of  the  meridian* 
TliesQ  chairs  are  the  supporti  of  the  evlindricAl  extremities  of  the 
hori^otital  axis  of  tlie  instrument,  which  is,  therefore^  also  id  the 
plane  of  the  meridian.  The  extreRiities  of  this  axis  project  bcTond 
the  chairs  and  the  piers  on  each  Bide,  and  the  transit  telescope  14 
keyed  on  to  one  of  them,  while  a  counter- weight  is  keyed  on  to  the 
other.  The  teleeoupe,  having  ita  line  of  collimation  adjusted  at 
right  angles  to  the  horizontal  ajus,  reTolrea  with  this  axis  outdide 
the  piers,  in  the  same  manner  exactl}'  a&  the  trimsit  telescope 
revolves  between  ita  piers  j  and  aa  the  line  of  collimation  of  the 
latter  moves  in  the  plane  of  the  meridian,  that  of  the  transit  t-ele- 
sci~>pB  of  the  present  inatrumont  movaa  in  the  plane  of  the  prime 
vertical. 

AdjiLstments  are  provided  in  connection  with  the  two  chain^  on» 
of  which  raises  and  lowers  the  qxib,  and  the  other  moves  it  in 
azimuth,  similar  exactly  to  those  described  in  the  cai«  of  the  tnuiail- 
inatrument  (25),  et  »eq.  By  the^  means,  and  by  proper  levels, 
the  axis  is  rendered  truly  horisttnital,  ii  brought  exjictly  into  the 
plmie  of  the  meridian,  and  the  line  of  collimation  is  brought  la 
coincide  with  the  plane  of  the  prime  vertical  by  other  expedients^ 
similar  in  principle  to  those  adopted  in  the  case  of  the  tr&nait  in^ 
atrument. 

The  instrument,  mounted  on  the  piers,  is  represented  in  Plat^! 
Vin.,  as  seen  fitjm  the  west,  projected  on  the  plane  of  the  meridian,, 
the  telescope  being  on  the  north  side,  ami  plat^etl  so  that  the  line  of 
collimation  is  directed  to  the  zenith.  The  telescope  has  7  feet. 
7  inches  f^>cal  length,  with  an  object-glass  having  a  clear  aperttini' 
of  6*25  inches.  The  magnifying  power  commonly  used  is  270.  la 
the  eye-piece  a  system  of  seven  parallel  vortical  micrometer  vnK9 
is  fixed,  similarly  to  those  of  the  transit  instrument  (22), 
similai-ly  used  with  relation  to  the  clock,  bs  already  described 
tuise  of  the  latter  instmment  A  lamp  is  placed  at  a  convi 
distance  from  the  centre  of  the  telescope,  the  light  of  which,  ad- 
mitted by  a  plate  of  glass  fixed  in  the  side  of  the  tube,  ia  roceivect 
upon  a  small  reflector  at  45*  within,  and  reflected  along  the  tube^ 
so  as  to  illuminate  the  wires  at  night 

To  enable  the  observer  to  direct  the  telescope  to  any  requires 
altitude,  a  small  telescope^,  cidled  fuJindeTf  is  fixed  to  the  outside  oj 
the  great  telescope,  near  the  eye-piece,  having  attached  to  it  4 
graduated  circle,  the  plane  of  which  is  parallel  to  the  prime  vertical^ 
and  also  a  level.  The  line  of  collimation  of  the  finder  being  pa<^ 
rallel  to  that  of  the  great  telescope,  wh+--n  the  former  is  dii^cted  t4|| 
any  altitude  by  means  of  the  lev*'l  and  gradtiuted  circle,  the  formei 
will  be  similarly  directed,     This  tinder  appears  in  the 
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outside  the  telescopO;  and  a  counterpoise  to  it  in  Tepreaented  on  tlw 
ici^ide. 

TIjd  process  of  reveraion  of  the  horizontal  &xw^  which  in  the 
tranait  iiifltrument  is  only  used  for  tho  pinpoae  of  adjtisttiient  ( 26y, 
conatitutes,  in  the  case  of  tbe  prime  vertital  instrument,  an  eaaen- 
tifd  part  of  every  obsGnation.  It  was,  tlierefwre»  of  the  greatest 
importance  that  ml  easy,  expeditiouE,  and  safe  apparAtua  for  ro ver- 
sion should  be  providt'd.  Thia  wm  contrived  with  great  io^^nuity 
by  the  mukers,  and  attended  with  the  moiit  successful  rcaidtSj  re- 
sults to  which  M.  Struve  ascribea  a  grreat  eharo  of  the  advantage 
obtained  by  tbi&  instroment  A  part  of  this  apparatus,  by  which 
the  horizontal  aiia,  with  the  teleBcope,  coimterpoiae,  and  their  ac- 
cessories, l&  elevat-cd  from  the  chairs,  is  represented  in  the  dmwin|^ 
above  the  inBtnmient  The  two  cords  of  fliiapcnaion  beinj^  attached 
by  hooke  to  two  poLntfl  on  the  axia  at  eqiud  diatanceii  from  its 
centre,  bo  as  to  maintain  the  equilibrium,  the  instnim*?nt  is  elevated 
by  means  of  a  windlass  established  on  the  floor  below  it  and  be- 
tween the  piers.  When  raised  to  the  necessary  height,  it  is  turned 
through  half  a  revolution  in  azimuth  *  so  that  the  ends  of  the  axis 
are  brought  directly  over  the  chairs,  into  which  they  are  then  let 
down.  So  perfect  is  the  performance  of  this  apparatus,  that,  not- 
withst^mding  the  magnitude  and  weight  of  the  instrument,  tlie 
whole  process  of  reversion  is  completed  in  sixteen  seconds;  and  the 
interva],,  from  the  moment  the  observer  completes  an  obseiTAtuni 
with  the  telescope  on  the  north  aide,  to  the  moment  he  conunenceft 
it  on  the  south  aide,  including  the  time  of  rising  from  the  obaerving- 
couch,  disengaging  the  clamps,  withdrawing  the  key  from  the  mi- 
crometer, reversing,  directing  the  inatrument  on  the  south  aide  to 
the  object  by  means  of  the  tinder,  closing  the  clamps,  returaiug  the 
key  to  the  njicrometer,  and  placing  himself  on  the  observing-couch, 
is  only  80  seconds* 

Ilow^wential  to  the  practical  uae  of  the  iDstrument  this  celerity 
is,  will  be  understood  when  it  is  stated,  that  the  same  object  which, 
lias  been  obser\'ed  on  one  side  must  ha  also  observed  on  the  other 
t/i  the  same  tramit.  The  reveraion,  therefore,  must  b©  completed  in 
less  time  than  that  which  the  object  takes  by  the  diurnal  motion  to 
pass  over  the  space  commanded  by  the  £eld  of  the  telescope  in  tbe 
two  positions^ 

To  comprehend  the  method  of  applying  i^A  instnmient  to  the 
piu^yees  of  practical  observation,  it  is  necesfiuy  to  remfuiber  that 
it  is  only  applicable  to  objects  moving  in  parallels  of  declination 
which  intersect  the  prime  vertical.  Such  objects  must  have 
nnrtheni  declination  (the  inatrument  being  supposed  to  be  eatah- 
Hfihed  in  a  place  having  north  latitude),  and  a  polar  distance  greater 
than  that  of  the  zeui^  of  the  observator)";  that  is  to  say,  greater 
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than  its  co-lfttitucle.  The  paralleb  over  which  such  ohjectt 
carried  by  the  ditimiil  motion,  all  intereect  the  prime  verdcal 
two  points  of  equni  altitude,  one  on  the  eo^teni,  and  the  other  on 
the  western,  quadraot  of  that  circle.  In  fMiasing  frctm  the  ea«t 
point  of  intersection  to  the  west  point,  the  object  pa&sep  over  the 
meridifin,  and  it  is  evident  that  the  moment  of  its  meridional  transit 
ig  precisely  the  middle  of  the  intenal  between  ita  two  prime 
veitiBal  tnineita.  If,  tberefor^,  the  exact  times  of  the  latter  be 
obiem»df  the  time  of  the  meridional  transit  can  be  deduced  by  & 
BunplB  arithmetical  process. 

Wben  the  telescope,  being  on  tbe  north  side,  is  direct<ed  and 
cUmped  in  its  position,  the  observer  awaits  the  transit,  the  time 
of  which  he  already  knows  approximately.  At  the  near  approach 
of  the  transit  he  places  himstdf  on  the  obeerving-cmich,  and,  seeing 
the  object  enter  the  field,  notes  the  seconds  by  the  dock  of  Its 
transitB  over  the  seven  wires  Cff  the  micrometer. 

The  moment  the  transit  over  the  seventh  wire  baa  been  obaerved 
he  risee  and  performs  aU  that  is  necesaary  for  the  revermon  of  th« 
inatroment,  which  being  completed,  he  again  places  himself,  and 
observes  the  transita  over  the  seven  wires  on  the  floiith  side ;  but  in 
this  case,  owing  to  the  change  of  position,  the  order  of  the  transits 
is  reversed. 

Now,  it  is  evident  that  the  true  moment  of  the  transit  over  the 
prime  vertical  will  be  foimd  by  taking  a  mean  between  the  times 
of  Uie  transits  over  all  the  wires  at  both  sides.  These  observatii 
being  completed,  the  observer  awaits  the  transit  of  the  object 
the  western  qujulmnt  of  the  prime  vertical,  when  he  makeff 
similar  series  of  observations  of  transita,  first  with  the  tt^lescope  on 
the  south  aide,  in  the  position  it  bad  at  the  last  observation,  and 
then,  after  reversion,  at  the  north  side.  The  true  moment  of  the 
transit  is  found,  in  this  case,  in  the  same  maunor  aa  in  the  former. 

By  taking  a  mean  of  these  two  meana,  or,  what  would  be  equi- 
valent, a  mean  of  the  times  of  all  the  twenty *cigbt  transit*,  the  time 
of  tile  meridional  transit  will  be  obtained. 

The  total  length  of  the  interval,  necessary  to  observe  the  transita 
over  the  wires,  north  and  south,  in  each  quadrant  of  the  prime 
vertical,  is  fouiul  to  be  about  eleven  minntes,  leas  than  J  J  minute 
of  whii'h  i*  employed  in  the  reversion  of  the  instrument  and 
attendant  arrantrt^meTiis. 

Tlie  time  which  elapses  between  the  observations  on  the  eastern 
and  we«tem  quadrants  of  the  prime  verlirul,  will  n*Tep.«»arily  viiry 
with  the  polar  distance  of  the  object,  and  mil  he  les.<?  in  proportion 
of  that  distnnce  above  the  co-lotitude  ia  less.  The  ob- 
aervations  which  have  1>een  made  with  this  instrument  at  Pulkowa 
llave  been  chiefly  confined  to  stars  whoee  polar  distance  excaeda  the 
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co-latitude  bjleas  than  2^.    In  that  case,  the  interrAl  between  the 
obaerTationBT  eaat  mid  west,  would  bo  less  tboa  ihr&i  hours. 

Professor  Struve  oiotices,  in  strong  terms,  the  advaatage  which 
this  inBtrument  posaeaees  over  others  in  respect  to  tha  errors  ansing 
from  the  \'anati<iti  of  the  inclination  of  the  Line  or  collimatioD  to 
the  axis  of  rotatiou.  In  the  prim©  Tertical  iD&troment^  the  devia- 
tion of  the  Ibe  of  colliTiiation  from  true  pt'rpendicularity  to  the  axia 
of  rotation,  14  aaaumed  lo  be  invariable  onljr  during  the  short  in- 
t4srTal  of  a  single  obserTatioD^  whereaa,  in  other  instnimenta,  ita 
invariability  ia  assumed  for  twelve  hours,  and  in  aome  caaes.  for 
moDthfl,  and  even  years.  It  has  the  further  great  advantage,  that, 
by  reversion  in  each  quadrant,  east  and  weat,  all  optical  imperfec- 
tions which  aifect  the  preciaion  of  the  image  of  the  star  are  abso- 
lutely annihilAt*?d.* 

49.  T1i«  ar«eawicb  altamtmntli  Initrameat, — The  purpose 
ciiefly  to  which  this  inatrumeut  is  applied,  is  the  improvenieut  of 
the  lunar  theory  by  multiplyiugia  a  large  ratio  the  observationa  which 
can  be  made  fn>m  month  to  mouth  of  the  moon  in  almost  e?ery 
part  of  her  orbit,  thus  supplying  matoriala  on  an  increased  scale 
for  a  comparison  of  observed  poai lions  of  the  moon,  with  places 
calculated  6rom  tablea  formed  for  that  purpose  fnim  theonr%  Similai- 
obaier^'ations  weie  always  made  witii  tht}  mural  drcle  and  the  tranaiti 
but  they  were  consequently  confined  to  meridional  transits.  Now, 
the^e  transits  cannot  be  obsfned  on  the  meridian,  even  when  the 
firmament  is  unclouded,  for  four  days  before  and  four  days  hiUar 
the  new  moon,  in  consequence  of  the  pruximity  of  that  body  tct 
the  sun;  an  interval  amounting  to  little  less  than  one-third  of  tht* 
mouth«  Besides  this,  it  happens,  in  this  climate,  that,  at  thi^ 
moment  of  the  meridional  transits  at  other  parts  of  the  month, 
the  observation  u  frequently  rendered  impracticable  by  a  clouded 
sky.  It  waa,  therefore,  highly  deairable  to  contrive  soma  means 
of  making  the  observations  in  extra-meridional  poeitjoos  of  the 
moon  which  would  bear  comparison  with  those  made  with  the 
meridional  instruments. 

This  could  obviously  he  accomplished  by  means  of  an  ordinary 
altitude  and  azimuth  circle;  but  such  an  instrument,  however 
P  perfect  might  be  its  conslruttion,  la  not  suaceplihle  of  the  necessary 
■  .ffecision.  The  Astronomer  Royal,  therefore,  conceived  the  idea  of* 
f  an  instrument  on  the  same  principlef  which,  while  it  would  be 
capable  of  shifting  its  azimuth^  would  still  be  susceptible  of  as 
I      much  precision  in  each  vertical  in  which  it  might  be  placed^  as  the 

•  For  a  detailed  »ccount  of  tlia  Pulkow*  prirni  vertical  iniitruroeat,  »«« 
Description  de  V  Oiarrvatoire  Attranomique  de  Pulkotea,  parF.  G.  W.  Strttve- 
^      Also  AwtrtmomiKhe  JVcuhrkhUn^  No.  468,  d  uq. 
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mtrnl  circle  baa  in  the  meridian.  He  accordbglj  pToposed  to 
attain  tliifl  object  by  adopting  adequate  engioeenng  expedients  to 
ppcjduco  the  neceaaaiy  soliditj  and  ioTukbDitj  of  form.  He 
adopted^  SA  fiindaimmtal  principleB  of  construction^ — 

1.  To  prodooe  as  many  parts  aa  pognible  in  a  single  casting; 

2.  To  uae  no  small  icrewa  for  combiDing  the  parts ; 

3.  To  allow  no  power  of  adjujitment  anjwherc. 

Following  out  tbese  principles,  the  instrument  reprG«ented  in 
Plate  IX  was  constructed,  under  bin  superintendencej  by  Measrs. 
K&naome  and  May,  engineers,  of  Ipswich ;  the  graduation  and 
optical  part  being  executed  by  Messi^.  Troughton  and  Bimma, 

The  inatnimeiit  is  mounted  in  a  tower,  raised  to  such  a  heig;ht 
as  to  commaod  the  borizoDi  in  all  directions  above  the  other  build^ 
lugs  of  the  Observatory,  except  on  the  side  of  the  sooth-east  dome 
«md  the  octagon  room.  The  foundation  of  the  instrunitnt  is  a 
Ihree-rrayed  pier  of  brickwork,  carried  up  nearly  lo  the  level  of  the 
floor  of  the  room  appropriated  to  the  instnimeut.  Upon  this  pier 
is  pbced  a  cylindrical  stone  pillar,  3  feet  in  diameter,  which 
ippMit  in  the  drawing,  and  on  which  the  instrument  is  placed. 
Tldl  pillar  and  the  pior  upon  which  it  reposes  are  quite  indepen- 
d0&tol^  and  unconaectwt  with,  the  tower  within  which  it  is  erected, 
and  do  not  even  touch  the  floor  of  the  room  through  which  they 
pass. 

The  fixed  horizontal  azimuth  circle  is  Rolidly  establisbed  upcm 
this  stone  pillar.  It  is  a  circle  3  feet  in  diameter,  the  rim  b^ing 
connected  with  the  centre  in  the  usual  way  by  spokes.  Tlie  whole 
is  constructed  of  hard  gun-metaL  In  the  upper  surface  of  the  rim 
a  circular  groove  is  left,  which  is  tilled  with  a  bend  of  eOver,  on 
which  the  diTiaions  are  engraved.  This  circle  is  divided  into  aren 
of  5'  continuously  from  o'^  to  360".  It  ia  set  with  the  zero  towards 
the  south,  and  the  numbering  of  the  divisions  runs  froTij  south  to 
west,  north  and  east  This  azimuthal  circle  was  cast  in  a  single 
piece,  and  weighs  441  lbs. 

Attached  to  this,  and  concentric  with  it,  is  another  fixed  hori- 
lontal  circle,  having  teeth  on  the  inside  edge,  in  which  the  pinions 
work  by  which  an  azimuth  motion  is  given  to  the  bstrument. 

There  are  four  microscopes  placed  at  equal  distances  over  the 
graduated  arc,  which  are  providini  with  micrometers,  by  which  the 
observation  in  azimuth  is  read  oC  These  microscopes  are  attached 
to  the  instrument  so  as  to  revolve  with  it  Their  rellectora  are 
illuminated  by  a  lamp  properly  placed. 

The  lower  pivot  on  which  the  inslrumcDt  turns  is  spherical,  ^id 
takes  a  bearing  upwards  in  a  socket  in  the  base-plate,  and  down- 
wards in  a  cone  of  hard  gun  metal.    A  portion  of  the  weight  of 
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the  instniraent  is  taken  off  by  a  counterpoiBe  acting:  ^J  leTcrs  whidi 
push  a  »!ider  upwarda  against  the  pi\?^ot.  To  flupjwrt  the  upper 
pivot,  an  in>o  triangle  is  established  on  the  three^rayed  pier.  On 
each  side  of  this,  ia  erected  another  iron  triangle,  whoso  plane  m 
vertical,  and  whose  aides  unit©  in  a  vertex  which  fonna  one  of  the 
angieaof  a  eorresponding-  triang;le  above.  Thia  upper  trian^fle  sup- 
ports three  radial  bars,  which  carry  at  their  point  of  union  the  Y  in 
which  the  upper  pivot  playa.  The  bars  of  the  lateral  triangles, 
which  are  apparent  in  the  drawings,  pass  the  holes  in  the  floor  with- 
out touching:  it. 

The  frame,  revolving  in  azimuth  and  carrjing  the  inetniment 
with  it,  consists  of  a  top  and  hnjltom  connected  by  vertiriJ  chueka, 
all  of  cast-iron.  The  supports  of  the  four  microscopes  for  residing 
off  the  juitnuth  on  the  lower  circle  are  cast  in  the  same  piece  with 
the.se  vertkal  cheeks. 

The  vertical  circle  carrving  the  telescope  is  3  feet  in  diameter, 
and,  like  the  azimuth  circle,  m  made  of  hard  gun  metal.  The 
aperture  of  the  object-glass  is  3  J  in.  The  top  and  bottom  of  the 
instrument  each  carries  two  levels,  parallel  to  the  piano  of  the  hori- 
zontal axis,  iLBed  in  observations  of  axitnuth ;  mid  two  levels  are 
iixed  on  ooe  of  th©  vertical  cheeks  parallel  to  the  plane  of  the 
vertical  circle,  used  in  observations  of  zenith  distance. 

The  dome  over  the  instrument  is  cylindrical,  with  double  sideBi 
between  which  the  air  passes  freely.     Its  diameter  ia  10  feet. 

The  drawing  i^epresents  the  inatninient  ua  in  use.  The  ladder 
revolves  in  azimuth,  round  the  central  pier, -=  to  fecilitate  which 
motion,  rollers  are  placed  under  it.  A  metal  frame  is  attached  to 
the  vertical  cheek  of  the  instrument,  having  its  edges  in  a  plants  ps- 
lallel  to  that  of  the  vertitml  circle.  The  eye  being  directed  along 
these  to  view  the  object,  the  in^itrument  is  placed  very  nearly  in  the 
proper  azimuth,  and  the  talescupe  is  tlien  accurately  directed  to  the 
object  by  the  ring-tiiidt-r.     This  frame  is  omitted  in  the  drawing. 

The  results  of  the  obsevvations  roatle  with  thia  instrument  are 
stated  to  have  fulfilled  all  the  Miticipationa  of  the  Astronomer 
Ttoyal,  as  well  aa  to  the  number  of  obsen.'ations  as  to  their  excel- 
lence. The  number  of  ohaervationa  have  exceeded  those  made 
with  the  meridional  instruments  in  the  proportion  of  about  16  to  9. 
Some  have  been  made  even  within  a  day  of  conjunction. 

50.  Tbe  VortbQQilierUuid  equatorial  —  Oambrldi^e'  OltBer- 
wmtorj*  —  The  late  Duke  of  Northumberland,  who  tilled  during 
the  latter  part  of  his  life  the  high  and  honourable  office  of  Chan- 
cellor of  the  University  of  Cambridge,  prewnted  to  that  imiversity 
thia  instrument,  which,  successively  in  the  hands  of  the  Astronomer 
Royal  and  Professor  ChslUa,  has  contributed  so  elk-ctually  to  the 
advancement  of  astronomical  science. 
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Tlie  instrument,  of  which  a  perspective  view  is  giren  b  Plate  X,, 
together  with  aTiew  of  the  building  in  which  it  is  erected,  oooaitfts 
of  a  TQfncting  teI«6Cope  of  19^  feet  focid  length  and  1 1  ^  inches 
aperture  equatoriaHj  wounted.  The  polar  axis,  as  appears  in  thu 
drawiBiTT  coneiiatd  of  r  system  of  framinj^  composed  of  six  atronf^  deal 
poles,  attached  at  the  euds  to  two  hexu^miial  irnmes  of  cast^irou, 
the  centres  of  wliich  iU!ppt>rt  the  upper  and  lower  pivots  on  which 
the  telescope  revolves.  Theae  poks  at  the  middle  are  brnced  by 
tnuLSvenie  iron  bondj^  and  by  a  system  of  dii^ronal  rods  of  dad 
abutting  near  the  middle  of  the  p^i^lfs,  Thc'^e  ^ve  attfihess  to  the 
entire  framing  of  the  polar  axis,  and  maintiiin  the  hexagonal  &anie^ 
square  to  it,  EfScient  means  are  pwvided  to  give  tlnsticity  to  tho 
supports  of  the  pivots  and  snioothnees  to  the  equatorial  motion. 

The  tube  of  the  telescope  is  made  of  well>seasoned  deal,  and  at- 
tached to  one  aide  of  it  is  a  flat  brass  buTj  6  feet  long,  earning  » 
pmjdl  graduated  arc  at  right  angles  to  it  at  one  end,  snd  turning  at 
the  other  on  a  pin  fixed  in  the  telescope  tube  at  a  difstance  of  30 
inches  from  the  axis  of  revolution.  This  arc,  whii^h  is  called  the 
declination  sector,  serves  to  mefianro  small  diiferences  of  declination, 
and  is  read  by  a  raicrometer  micnostope  fixwl  to  the  telescope  tub«. 

The  hour-circle,  which  measures  tije  eqtintorifd  motion,  is  5^ 
feet  in  diameter,  and  is  so  arranged  that  it  can  be  clamped  to  Urn 
telescope,  or  disengaged  from  it,  at  pleasure*  It  has  two  indices 
with  verniers,  one  tixed  to  the  support  of  the  lower  pivot,  and  the 
other  to  the  hexftgoual  frame.  By  setting  the  lulter  to  a  certain 
angle,  deteiTnioed  by  an  obsenation  of  a  star  of  known  right  ascen- 
sion, the  tt^lescope  can  be  directed  to  any  proptjtsed  right  ascension 
by  rae^tna  of  th«  other  index,  (M>&entili*>OH  of  right  nscension  am 
bo  made  to  t  second  of  time.  The  outer  rim  of  the  circle  is  cut 
into  teeth,  wbich  are  acted  on  by  on  endless  screw  connected  at 
pleasure  by  a  brass  rod  with  a  large  clock,  by  which  a  motion  can 
be  given  to  the  telescope  corresponding  with  the  diunial  motion  of 
the  heavens. 

The  hour-circle  is  clamped  to  the  frame  of  the  axis  by  a  tangent- 
acrew-damp  fixed  to  the  fiiune  itself,  by  means  of  which,  with  the 
«id  of  a  handle  extending  to  the  place  of  the  observer,  he  con, 
when  the  entlless  screw  is  applied,  give  motion  to  the  inatniment 
through  a  limited  space  upon  the  hour-circle.  The  rate  of  motion 
given  to  the  hour-circle  by  the  clock  is  not  afTected  by  this  mnve- 
meqt-  The  hour-circle,  therefore,  going  according  to  aiderejil  time, 
smtiil  diiferences  of  right  ascension  cwi  bfl  measured  by  reading  off 
the  angles  pointed  to  by  the  movable  index  before  and  after  the 
changes  of  position. 

The  dome  which  covers  the  instrusnent,  and  which,  as  well  aa 
the  other  details  of  its  erection,  was  constructed  under  the  direction 
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Oi  the  Astronomer  Royal,  who  was  then  the  Cacnhndge  astronomer, 
is  supported  bo  as  to  levolTo  on  ftee  trills  between  noncavo  vhrni^ 
Debt  boldfoAts  of  peculiir  constructiou  heiiig-  provided  to  obviHte 
the  eventuality  of  the  dome  heiog  dislodged  or  blown  off  by  wind 
or  any  other  unusual  disturbance.  The  winch  which  acta  on  the 
niAchiiiery  for  turning:  the  dome,  ia  carried  to  the  olwerver's  chair, 
80  that  he  can^  whik  enga^d  in  a  long  obaervatioii;,  tuum  the  dome 
slowly  without  removing  fipom  his  position. 

The  magnitude  of  the  instrument,  and  the  consequent  exteniiiTe 
motion  of  the  eye-piece,  rendered  it  necesgaiy  to  contrive  adequate 
means  by  which  the  observer  could  be  earned  with  the  eye-piece 
by  a  common  motion  without  any  personal  derangement  which 
might  disturb  the  observation-  This  i»  nccompliahed  by  means  of 
an  ingenioua  flppnralna  conaiating  of  a  frame,  of  which  the  upper 
edge  is  nearly  a  circular  arc  whose  centre  is  the  centre  of  the  tele- 
scope, which  frame  tzaverMiS  horizontiilly  round  a  pin  in  the  floor 
exactly  below  the  centre  of  the  telescope,  the  observer's  chair  sliding 
on  tlie  frame.  The  observer  can,  by  means  of  a  "Winch  jilitced  beside 
\m  chair,  turn  round  the  frame  on  which  the  choir  ia  supported, 
and  by  means  of  a  lover  and  ratchet  wheel  he  can  raise  and  lower 
the  chair  on  the  frame.  He  haa  also  meani  of  raising  and  depress- 
ing the  back  of  the  chair  m  as  to  give  it  the  inclination  he  may  at 
the  moment  find  most  convenient. 

51.  Tlie  Cl>reeiiwtcli  gr^mt  eqtiatorfal. — This  instrumentr 
which  was  completed  in  the  beginning  of  the  yeiu- 1 860,  was  erected 
from  deeigns  by  the  Astronomer  RoyaJ,  by  Meaars.  Ranaoraea  and 
Co.  of  Ipswich,  the  general  optical  work  being  performed  by  Messre, 
Troughton  and  SimmSj,  of  London*  It  conaista  of  a  telescope  with 
an  object-glasa  by  Men  of  1 2^  inches  aperture,  and  about  1  8  feet 
focal  length,  mounted  according  to  thu  principle,  kno^im  a^  the 
Engiiflh  form  of  equatorial  mounting. 

No  novelty  i«  introduced  into  the  constmction  of  the  polar  axis, 
except  that  the  declination  axis  ia  ao  far  advanced  in  fejut  of  the 
polar  axia,  and  the  upper  part  of  the  polar  frame  is  go  cut  away  that 
the  telescope  commands  the  meridian  without  interruption  to  ft 
short  distance  beyond  the  pole,  Each  cheek  of  the  polar  axia  ia 
constructed  in  the  form  of  a  skeleton  pri^ni,  tho  pillara  being  braced 
by  a  aeries  of  diagonal  tenaion  bars  and  trftuaversal  tbruating  bars ; 
these  are  of  wrought  iron.  The  upper  and  lower  ovals  which  carry 
these  am  of  cast  iron.  On  the  spindle  of  the  lower  oval,  the  hour- 
wheel,  6  feet  in  diameter,  on  which  the  clock  movement  act*,  tunw 
freely  ;  thia  wheel  can  be  clamped  when  necessary  to  the  oval  or  to 
the  found  at  ion -plate. 

The  declination  circle,  attached  to  the  declination  axia,  is  read 
by  two  microscopes  placed  in  ^uch  a  poaitiou,  that  though  they 
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Tiew  opfponte  ftjaduAtioiu  on  a  (-feet  cucle,  ihe  ere-pieoeA  sm  onir 
a  few  inches  apart.  For  the  ilintnhialaon  of  the  microecopea  tho 
liR'ht  enten  a  hole  in  the  side  of  the  eje-tabe,  when  it  is  reflected 
downwarda  hj  diagonal  plates  of  tzaD^atont  glass ;  it  then  £kU«  upon 
the  limht  whose  mufoce  is  tunsed  to  a  oonoaTe  or  dished  conical  form, 
io  that  the  axis  of  the  microscope  ii  peipeodicular  to  the  portioD  ci 
the  limb  under  view;  the  light^  ihenlan,  which  has  been  thrown 
down  that  axis  is  Again  reflected  np  the  axis  to  the  eve.  There  is  a 
If -feet  clamp  circle  attached  to  the  opposite  cheek  of  the  polar  axis, 
whose  clamp-flcrew  and  slow-motion  are  acted  on  bj  long  hsndles 
near  the  eye  end  of  the  telescope. 

For  convenipDce  of  setting,  and  for  reading  small  differences  of 
polar  distances,  a  radial  bar  is  fixed  on  one  side  of  the  telescope, 
which  tarns  on  a  pin  near  the  centre  of  motion^  its  graduation  being 
near  the  eye  end  of  the  telescope;  this  radial  bar  is  bridled  bj  a 
gmdualed  t-lidiug  rodi  of  which  the  distant  end  is  carried  bj  a  pin 
rn  one  rhwk  of  the  polar  axis. 

The  iJiatrunient  is  provided  with  a  clock  movement,  which  is  a 
bcautifid  specimen  of  the  application  of  mecbftoism  for  driving 
srooothly  so  heavy  a  mass.  From  a  self-supplying  tank  placed  on 
the  upper  stoiy  of  the  bnUding,  a  suMcient  fall  of  water  is  obtained 
for  working  a  reaction  macbioe,  which  rerolves  four  times  in  a 
imicond.  This,  ficting  through  two  worms,  drives  the  hour-circle. 
The  regulation  is  effected  by  the  contrivance  called  Sieman's  chro- 
nometric  governor^  acting  upon  a  pendulum  having  an  uniform 
eonieal  moiion. 

The  limits  of  thin  work  do  not  permit  a  lengthened  detail  of  all 
the  peculiarities  of  this  instrument,  especially  as,  in  many  respects, 
thu  general  appearonce  and  mimy  of  its  parts  are  ven^  similar  to 
what  is  already  described  in  the  account  of  the  Northumberland 
jyiurttorial.  However,  as  a  specimen  of  astronomical  engineering  it 
IB  consideroil  unique;  and  the  adoption  in  its  construction  of  every 
modfjru  instrumental  improvement,  together  with  its  great  stability, 
ri*udr>rH  it  one  of  the  most  important  uiitruments  of  its  class  to  be 
found  in  any  country. 


CHAPTER  ra. 

TIIK   aK?(riCriAI.   ROTUNOITlf    ASD    DIMKNfimNS  OF  THE    EARTH. 

52*  The  eartib  a  statioD  f^om  wbiob  the  univerae  la 
o^aerred. —  'Ihc  oarth  is,  in  various  points  of  view,  an  intereeting 
ohjt?L"t  of  scientitic  investigRtion.  The  naturalist  regards  it  rh  tho 
habitation  of  the  numerous  tribes  of  organised  beings  which  ara 
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the  specUkl  subject  of  his  observfttion  and  inquirj,  and  examines 
curiouely  tho^e  properties  und  qualities  of  soil,  dim  Ate  and  atniO' 
sphere,  bj  which  it  is  fitted  for  their  maintenance  and  prnpapfltioni, 
and  the  eonditiaDs  which  goxt^m  their  dirttrihutloo  orer  ita  aurface. 
The  geologist  and  mineralogist  regard  it  as  the  tbeatro  of  TUt 
physical  operations  continued  through  periods  of  time  extending 
fuSmiely  beyond  the  records  of  hum  an  history,  the  reaulte  of  which 
are  leen  in  the  state  of  ita  crunt  The  astronomer,  rising  above 
these  detaiU,  regarda  it  as  a  whole,  examines  its  form,  investigates 
ita  motions,  measures  its  magnitude,  and,  above  all,  ecnsiders  it  as 
the  station  from  which  Jiione  he  can  take  a  survey  of  that  imi verse 
which  forms  the  peculiar  object  of  hisstudy,  nod  aathe  only  modulus 
or  standard  by  which  the  mai^^uttudes  of  all  the  other  bodies  in  the 
muveney  and  the  distances  which  separate  them  from  the  earth  and 
from  each  other,  con  be  measured. 

$},  Ifeeeaaarf  to  aaeertalii  Ita  fonVf  dlmeiialoiuit  Kod 
mettoaa. —  But  since  the  apparent  ma^itudes,  moiiofiB,  and  reb- 
tive  arrangement  of  surrounding  objects  severally  vhtj,  not  only 
with  eveiy  change  in  the  position  of  the  station  of  the  observer,  but 
even  with  every  change  of  position  of  tho  ob&erver  on  that  station, 
it  is  moat  necessary  to  ascertain  vrith  all  attainable  accuracy  the 
dimensions  of  the  earth,  which  is  the  station  of  the  astronomicul 
observer  J  ita  form,  and  the  changes  of  position  in  relation  to  sur* 
rounding  objects  to  which  it  is  subject, 

54.  rorm  fflobiitar.— The  firat  impression  produced  by  the 
aspect  presented  by  the  surface  of  the  earth  is  that  of  a  vast  indegnito 
plane  surface,  broken  only  by  the  accidents  of  the  ground  on  land, 
such  as  hilJa  and  mountdns,  and  hy  the  more  mutable  forms  due 
to  tlie  agitation  of  the  fluid  mass  on  the  sea.  Even  this  departure 
from  the  appearance  of  an  exteoaive  place  surface  ceases  on  the  seA 
out  of  sight  of  land  in  a  perfect  calm^  and  on  certain  plains  of  vaut 
piteat  on  land,  such  as  some  of  the  prairies  of  the  American  conti- 
nents* 

This  first  impTession  is  soon  shown  to  he  fallacious ;  and  it  is 
ee!*ily  demonstrated  that  the  imniediiite  indications  of  the  unaided 
sense  of  vision,  such  as  they  are,  are  loosely  and  incorrectly  inter- 
pPBted,  and  that,  in  fact,  even  that  fimall  part  of  the  earth ^f  surface 
which  falla  at  once  within  the  range  of  the  eye  in  a  fixed  position 
doetmd  tyapear  to  he  aplane, 

Suppofdng  that  any  extensive  part  of  the  surface  of  the  earth  were 
really  a  plane,  let  several  stakes  or  posts,  of  equal  height,  be  erected 
along  the  same  straight  Hoe,  and  at  equal  distances,  say  a  ntile 
apart.  Let  these  atiikes  he  represented  by  «*,  s'/,  s"  *'',  &c.,  ^^^ 
16,  and  let  a  stake  of  equal  height,  o  0,  be  erected  at  the  station  of 
the  observer.    Now  if  the  surface  were  a  plane,  it  is  evident  that 
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the  points  t^  /,  ^%  Sec.  mnst  appear  to  an  eje  placed  at  o  in  the 
samu  viaual  line,  and  wuiild  each  be  vi«Me  through  a  tubts  directed 
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at  o  parallel  to  the  surface  0  9.  But  such  ^  ill  not  be  found  to  bd 
the  case.  When  the  tube  is  directed  to  «,  all  the  succeeding  pointa 
s^y  /\  &c.  wiD  be  heJmv  its  dirwtion.  If  it  be  directed  to  gff  Ui© 
point  s  will  be  abooej  and  s"  and  all  the  ^lucceti'diiig  jioints  wiU  bo 
hdow  ita  direetiou.  In  like  maimer,  if  it  be  directed  to  s'%  the 
preceding  points  s  and  &'  wilt  be  aZM>M*,  and  tbu  eiiicceeding'  pointa 
hdow  its  direction.  In  etlect  it  will  npp&iu-  as  though  each  suc- 
oeoding  stake  were  a  little  shorter  than  the  precading  one.  But 
as  the  stakes  are  all  precisely  equal,  it  must  be  inferred  that  the 
successive  points  of  the  surface  s,  &\  s'',  s'",  &c,  are  relatively  lower 
than  the  station  o.  Nor  will  the  eilects  he  explained  by  the  sup- 
position that  the  surface  o  8  s'  s",  &c,  Ia  a  descendiii</  but  still 
Aplaite  surface,  because  in  that  case  the  points  «,  y',  »  ',  &c,  must  still 
be  in  the  same  Tisual  line  directed  from  o.     It  therefore  foilowa 


that  the  surface  in  thp  direction  o  8  s'  s''  s'",  &c.  is  not pl^ne  but 
curvedy  as  represented  in  f^.  1 7,  where  the  visual  lines  are  in 
obvious  accordant^  with  the  actual  appearances  as  above  explflincnl. 

Now  since  these  effects  are  found  to  prevail  in  every  direction 
around  the  poiKt  of  observ'tttion  o,  it  follows  that  the  currahir©  of 
the  surfiice  prevails  all  around  that  point  ^  and  since  the  eiimt  of  the 
depremm  of  the  points  s,  s',  a",  &c.  at  equal  distances  from  0,  are 
equal  in  every  direction  amund  o,  it  folhiwa  that  the  curvature  ia 
in  every  dtrwtion  seuaibly  uniform  around  that  point 

But  by  shiftinff  the  centre  of  observation  o,  and  making  similar 
obHorvations  eli^ewhciv,  and  on  every  part  of  the  earth  where  such 
a  process  is  practicable,  not  only  are  like  effects  obseiTed,  hut  the 
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dtgrm  ofdtprtttUm  oorreflponding  to  equal  difetanoes  from  the  centres 
.of  obeOTvation  is  the  aame. 

Hence  we  infer  that  the  surface  of  the  earth,  a»  observed  eUrecUjf 
ly  the  eye,  is  not  a  plane  surface,  but  one  eveiywhere  curved,  and 
that  the  curvature  is  everywhere  uniform,  at  least  that  no  departure 
from  perfect  uniformity  in  its  general  curvature  exists  sufficiently 
considerable  to  be  discovered  by  this  method. 

But  the  only  form  of  a  solid  body  which  has  a  surface  of  uniform 
curvature  is  a  sphere  or  globe,  and  it  is  therefore  established  that 
such  is  the  form  of  the  earth. 

55.  Tlila  eoBolnalon  corroborated  by  otrenmnaTicatloa. — 
If  a  vessel  sail,  as  far  as  it  is  practicable  to  do  so,  constantly  in  the 
same  direction,  it  will  at  length  return  to  the  port  of  its  departure, 
liaving  circumnavigated  the  earth,  and  during  its  courae  it  appears 
to  pass  over  an  uniform  surface.  This  is  obviously  what  must  take 
place  so  far  as  regards  that  part  of  the  earth  which  is  covered  with 
water,  supposing  it  to  be  a  globe. 

56.  Corroborated  by  lunar  eclipses. — But  the  most  striking 
and  conclusive  corroboration  of  the  inference  just  made,  and  indeed 
a  phenomenon  which  alone  would  demonstrate  the  form  of  the  earth, 
is  that  which  is  exhibited  in  lunar  eclipses.  These  appearances, 
which  are  so  frequently  witnessed,  are  caused  by  the  earth  coming 
between  the  sun  and  the  moon,  so  as  to  cast  its  shadow  upon  the 
latter.  Now  the  form  of  that  shadow  is  always  precisely  that 
which  one  globe  would  project  upon  another.  The  phenomenon  thus 
at  once  establishes  not  only  the  globular  form  of  the  earth,  but  that 
of  the  moon  also. 

57.  Various  elTeeU  iadlcatiiic  tbe  eartb's  rotandity. — The 
rotundity  of  the  earth  being  once  admitted,  a  multitude  of  its  con- 
sequences and  effects  present  themselves,  which  supply  corrobora- 
tive evidence  of  that  important  proposition. 

When  a  ship  sails  from  the  observer,  the  first  part  which  should 
cease  to  be  visible,  if  the  earth  were  a  plane,  would  be  the  rod  of  the 
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top-mast,  having  the  smallest  dimensions,  and  the  last  the  hull  nnd 
sails,  being  the  greatest  in  magnitude; — but,  in  fact,  the  very 


Teversd  takes  place.  The  hull  first  disappe^LTB,  ikan  the  a&ilA,  and 
kstly  the  top-mast  alone  la  viable  by  a  telescope,  appearing  like 
a  pole  plftntinl  in  the  water.  This  becomes  gi'adually  shorter,  ap- 
pearing to  sink  in  llie  wut^r  as  the  vea«el  recedes  from  the  eve. 

These  appearances  are  the  obvious  consequences  of  the  gradual 
interposition  of  the  convexity  of  the  part  of  the  earth's  Bupface  ov«r 
whidi  the  v easel  has  passed,  and  will  bo  readily  comprehended  by 
the^.  ig. 

If  the  obeerver  take  a  more  elevated  position,  the  snme  Bucces- 
won  of  phenomena  will  be  presented,  only  groAter  distiuices  wiU 
t        be  necessary  to  produce  the  same  degree  of  ap- 
parent sinkinp  of  the  vessel. 

Land  is  \Tsible  from  the  top -mast  in  approaching 
the  shore,  when  it  cannot  be  seen  from  the  deck. 

Tlie  top  of  the  penJk  of  TenerilTe  can  be  seen  from 
a  distance  when  the  base  of  the  mountain  is  in- 
visible. 

The  sun  shbes  on  the  stimmlta  of  the  Alpe  long 
after  sunset  in  the  vtdleyB, 

An  aeronaut  ascending  after  eimset  baa  wit- 
nessed the  sun  renppear  with  all  the  effects  of 
sunrise.  On  deaccJidkig,  he  T^itnessed  a  second 
sunset. 

58.  SlmenBlonfl  of  tbo  eKrtli. — Metliod  of 
memfluriiiB'  a  ilegree,  —  Having  thus  ascertain- 
ed that  the  form  of  tlie  earth  is  b  globe,  it  now 
remains  to  discover  its  magnitude,  or,  what  is 
the  same,  its  diameter. 

For  this  purjmse  it  will  be  necessarj*  fi^rst  to  as- 
certain the  actual  lecgrth  of  a  degree  upon  its  »iir- 
face,  that  is,  the  distance  between  two  point*  on 
the  surface,  so  placed  that  the  lines  drawn  from 
them  to  the  centre  shall  make  with  each  other  an 
angle  of  one  degree. 

Let  p  and  p\Jig,  1 9:>  represent  two  places  upon 
the  earth's  surface,  distant  from  eadi  other  from 
60  to  100  milea,  and  let  c  be  tho  centre  of  the 
earth.  Xow,  let  us  suppose  that  two  observere  at 
the  places  p  imd  p  observe  two  stars  s  and  a', 
whicli  at  the  same  time  are  vertically  over  the  two 
places,  and  to  which,  therefore,  plumb-lines  sus- 
pended at  the  two  phicus  would  be  directed.  The 
direction  of  these  plumb-lines,  if  continued  down- 
wards, would  intersect  ate,  the  centre  of  the  earth. 
The  visual  angle  under  the  directions  of  these  stars  «  and  /  at  p 
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is  tp  r',  and  at  C  ie  J  C  /,  But,  owijig^  to  the  insignificaiit  propor- 
tion whieli  the  diflttincea  p  p'  and  p  c  l>eai-  to  the  distancea  of  the 
stars ,  the  visual  an^le  of  the  stara,  whether  seen  from  p  or  c,  will 
he  the  iULme,  If,  tht'n,  this  vi^^iial  aiifjle  at  p'  be  mpasured,  as  it 
may  be  with  the  g^ieateat  precision,  we  may  consider  it  as  the  mag- 
nitude of  the  angle  p  c  p\ 

Let  the  actual  distance  d,  between  the  places  p  and  p\  be  mea- 
sured or  ascertained  by  the  process  of  surveying,  and  the  uuiTiber 
of  Beconda  in  the  obBerved  anprle  «  /»'  ^  be  expressed  by  n.  \i  d 
express  the  distance  of  two  pciint^  on  tlie  earth  which  would  6ub- 
tesd  at  the  centre  c  an  anglt)  of  \°^  we  ahall  then  have— ^ 

a  :  3600  ::  n  :  d  =  li  X  - — -^ 

since  the  number  of  seconds  in  a  degnree  is  5600. 

59.  Xi«iifftli  of  a  derree.  —  In  tbin  way  it  has  b<?en  ascertained 
that  the  length  of  a  degree  of  the  earth's  surface  is  a  little  less 
tljim  70  British  8tutute  niUtjs,  mid  may  be  expreaaed  in  feet  (in 
round  nynibere)  by  365,000. 

It  will  therefore  be  easy  to  remember  that  the  len^h  of  a  degree 
is  as  m;iny  thousand  feut  jiu*«  there  art*  dnysi  m  the  yeiir. 

60.  Ziengtlk  of  a  second  of  tlxe  eaxtH*—  To  li&d  the  eartli's 
lUftnieter. — Since  a  second  is  the  3600th  part  of  a  degree,  it  foUowa 
ai;*^j  that  the  length  of  a  second  is  a  hundred  feet  very  nearly,  a 
measure  also  easily  remembered 

JSothin^'-  can  be  more  easy,  after  what  has  been  stated,  than  the 
solution  of  the  problem  to  determine  the  earth's  diameter.  If  r 
express  the  radius  or  semidiameter  of  the  earth  dp,  a  the  ara p ^ 
(if  the  earth'a  surface  between  the  two  places,  Jiff.  1  g,  and  u  the 
angle  p  c  p',  we  shall  have 


If  the  distance  a  be  one  degree,  this  will  become 

r  =  y^S*°°^  X  206,265  =  20,912,979, 

or  very  nearly  twenty-one  million  feet,  which  is  equal  to  3960 


statute  miles.     So  that  the  diameter  of  the  earth  would  be 


r920 


miles,  iir  in  round  numbers  (for  we  are  not  here  pretending  to 
extreme  arithmetical  precision)  about  8000  mik^s. 

The  pnjceaa  of  observation  above  exphtined  i.-3  not  in  its  details 
exactly  that  by  which  the  mag^uitude  of  the  earth  is  a»certaiued, 
but  it  is*  in  spirit  and  principle  the  niethi>d  of  obaei-vation  and  cal- 
culation.    It  would  not  be  ea^y  to  iind,  for  ex  ample,  any  two 
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ob»enrR>>l6  Btars  whiRh  nt  one  and  the  i«.mo  moment  would  bo* 
Tertic&lly  over  the  two  places  p  aad  p%  but  any  two  etnr*  nearljr 
f  over  tltem  would   equally  answer  the  purpose  by  obfl«tr\-iDg  thd 

I  eiient  of  their  depnrtiirB  from  the  verticid  directiou.     Neither  is  it 

I  ceccasAry  that  tbe  two  obeerrfttious  should  exactly  coincide  aa  ta 

time ;  but  theae  details  do  not  affect  the  principle  nf  the  method,^ 
though  they  require  some  consideration  to  make  tbeoi  cleanly  in- 
telligible. 

6l.  Superficial  IneiiaalltleB  of  tbe  eartli  relativelj  tnslff-^ 
nlflcant.  — It  is  by  compariBon  alone  that  wo  cao  acqiiir*?  any  clear 
nr  dellnite  notions  of  dist^inces  and  masrnitudee  which  do  not 
under  tbe  immediate  cogfnizance  of  the  senses.  If  we  daaire 
quire  a  notion  of  a  vast  distance  over  which  we  cannot  pasi, 
compare  it  with  one  with  which  we  have  iminedinte  and  actiial 
aoquaintance,  audi  aa  a  foot,  a  yard,  or  a  mile.  In  Astronomy,, 
having  to  deal  with  magnitudes  exceeding  in  enormous  proportion* 
thoBG  of  aU  objficta^  even  tbe  most  stupendous,  which  nr©  so  ap- 
proocbable  as  to  ailbrd  menna  of  direct  sensible  observation,  we  are 
incessantly  obligt'd  to  have  recourse  to  such  comparisons  in  order 
to  give  some  degree  of  cleeumeas  to  our  ideas,  since  without  them 
our  knowledge  would  become  a  mere  aasemblage  of  words,  nuiu- 
bersr  and  geometrical  diagrams. 

When  it  is  stated  that  the  earth  is  a  globe,  the  first  objeetioiir 
}  which  will  be  raised  by  the  uninformed  student  is  that  the  conti- 

nent*, ihlandft,  and  triirt*  of  land  with  which  it  is  covered  are  marked 
by  considerable  inequalities  of  level;  that  mountains  rise  into  ridges 
i  and  peaks  of  vast  heijirbt ;  that  the  sens  and  oceans,  though  level  at 

their  surface  in  a  ceitain  general  aense^  bX6  agitated  by  gi«at  warea, 
and  alteraotely  swelled  tmd  deproastMl  by  tides,  and  that  the  solid 
bottom  of  them  is  known  to  be  subject  to  inequaliticfl  analogous  m 
character,  and  not  less  in  depth,  than  lhoj?6  which  prevail  on  the 
land.  Since,  then,  it  is  the  chanwrteriBtic  property  of  a  globe  that 
all  points  on  its  surface  are  equally  distant  from  its  centre,  how,  it 
nmy  be  demanded,  can  a  mass  of  matter,  so  unequal  in  it^  surface  as 
the  earth  is,  be  a  globe? 

It  miiy  he  conceded  at  once,  in  reply  to  this  objection,  that  tlue 
earth  is  not,  in  the  strict  geometric  sense  of  the  term,  a  globe. 
But  let  us  consider  the  extent  of  its  departure  from  the  globular ' 
funn,  so  far  as  relates  to  the  superficial  inequalities  ju8t  adverted  to. 
Tbe  most  lofty  mountain  pealts  do  not  exceed  five  milefl  in  height. 
Few,  indeed,  approach  that  limit.  Most  of  the  considernble  mouii' 
tsinons  districts  are  limited  to  le&a  than  half  that  height.  No 
corndderable  tract  of  hmd  has  a  general  elevation  oven  of  one  mile. 
The  deepest  parts  of  the  sea  have  not  been  sounded ;  but  it  ia 
cerbun  that  their  depth  does  not  exceed  tbe  heights  of  the  most 
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lofty  mountainst  fiTid  the  j?eneral  depth  is  incomparably  leas.  The 
superdditl  inequalities  of  the  aqueous  surface  produced  by  wares 
and  tide  J*  are  cornparatively  inaigniticant 

Now,  let  us  consider  how  these  several  superficial  inequalitiea 
would  he  repreaeoted,  obaervbg  a  due  proportion  of  scale,  even  on 
the  most  stupendoius  model. 

Construct  a  globe  20  feet  in  diameter,  m  a  model  of  the  earth. 
Since  20  feet  Mpreaenta  8000  miles,  1  -400th  pirt  of  a  foot,  or 
3-lcoth  parts  of  mi  inch,  reprfaentti  a  111  ilo.  The  height,  therefore, 
of  the  most  lofty  mountain  peak,  and  the  greatest  depth  of  the 
ocean,  would  he  represented  by  a  protuherance  or  a  hole  ha^dng  no 
greater  elevation  or  depth  than  ij-ioolhs,  or  about  the  seventh 
part  of  an  inch.  The  general  elevation  of  a  continent  would  be 
fairly  represented  by  a  leaf  of  paper  pasted  upon  the  surface,  having 
the  thickness  of  less  than  the  fifHeth  of  an  inch ;  aod  a  deprosaion 
of  little  greater  amount  would  expresa  the  depth  of  the  general  bed 
of  the  gea. 

It  will  therefore  be  apparent,  tliat  the  departujo  of  such  a  model 
from  the  true  form  of  a  globe  would  be  in  all,  save  a  etrictly  geo- 
metrical sen&e,  ahaolutely  Lngignificanl 

62.  HelaUve  dlmensloDi  of  ttie  ateioBptiere.  — The  surface 
of  the  eai-th  ia  covered  by  an  ocean  of  air  which  floats  upon  it,  as 
the  waters  of  the  eeas  rest  upon  their  solid  bed.  The  density  of 
this  fluid  ia  greatest  in  the  stratum  which  is  in  immediate  contact 
with  the  surface  of  the  land  and  water  of  the  eajth,  and  it  di- 
minishes in  a  very  rapid  ratio  in  ascending,  so  that  one  half  of  the 
entire  atmosphere  is  included  in  the  strata  whose  height  is  within 
3J^  milea  of  the  surface.  At  au  altitude  of  80  miles,  or  the  hun- 
dredth part  of  the  earth'^s  diameter,  the  rarefaction  must  he  so  ex- 
treme, that  neither  animal  life  nor  combustion  could  be  main- 
tained. 

The  atmosphere,  being  then  limited  to  sucH  a  height,  would  be 
represented  on  the  model  above  described  by  a  stratum  two  inches 
and  a  half  thick. 

63.  Zf  tlie  eartli  xnoTed,  bow  ccmld  Its  mall  on  lia  per- 
ceived T— Nothing:  is  more  lepu^imt  to  the  tirst  iniprcssiona  re- 
ceived from  the  aspect  of  the  surface  of  the  earth,  and  all  upon  it, 
than  the  idea  that  it  is  in  motion.  But  if  this  universal  impression 
be  traced  to  its  origin,  and  rightly  interpreted,  it  will  not  he  found 
erroneous,  and  will  form  no  ejcceptiou  to  the  general  maxim  which 
induces  all  persons,  not  even  excepting  philosophers,  to  regard  with- 
out disrespect  notions  which  have  obtained  universa],  popular  ac- 
ceptation. 

What  is  the  stability  and  repose  ascribed  by  th«  popular  judg- 
ment to  the  earth  P     Repose  certainly  absolute,  so  fai  ad  regards  all 
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objects  of  vulgar  or  popular  contemplation.  It  is  muntained^  and 
malotaiDed  truly,  that  everything^  upon  the  earth,  eo  far  as  tbo 
agency  of  external  causes  ia  concemfed,  ia  at  relative  reat.  HilU, 
mountains,  and  vidleye, oceaDs,  seas,  and  riyers,  aa  well  as  all  artificial 
atmcture*,  are  in  relative  reposo ;  and  if  our  obaervation  did  not  ex- 
tend to  objects  exterior  to  the  globe,  the  popular  maxim  wouid  be 
induiputablie.  But  the  afitronomer  contemplates  objects  which 
either  eacape  the  attention  of,  or  are  imperfectly  known  to  man- 
kind in  geneml ;  and  the  phonomena  which  attend  these  render  it 
manifeet,  that  wiule  the  earth,  in  relation  to  all  objeeta  u|X3n  it  and 
forming'  part  of  it,  is  at  rest,  it  U  in  motion  with  relation  to  all  the 
other  bodies  of  the  imiverse. 

The  motion  of  objecta  external  to  the  observer  is  perceived  by 
the  sense  of  sight  only,  and  ia  manifested  by  the  relative  displace- 
ment it  prodaccB  among;  the  objects  affected  by  it,  with  reiation  to 
objecta  around  them  which  are  not  in  motion,  and  with  relation  to 
each  other.  Motions  m  which  the  person  of  the  observer  partici- 
pates may  affect  the  senaes  both  of  feeling  and  aigrht.  The  feeling 
ia  affected  by  the  agitation  to  which  the  body  of  the  observer  is  ex- 
posed. Thus,  in  a  carriage  which  starts  or  atopa,  or  suddenly  iu- 
craaaea  or  slackenji  its  speed,  the  matter  composing  the  person  of 
the  observer  has  a  tendency  to  retain  the  motion  which  it  had  pre- 
viouato  the  change,  and  is  accordingly  affected  with  a  certain  force, 
aa  if  it  were  pushed  or  drawn  from  rest  in  one  direction  or  the  othen 
Bnt  once  in  a  state  of  uniform  motion,  the  sense  of  feeling  ia  only 
affected  by  the  agitation  proceedin|,'"  from  the  inequnlitieia  of  the 
road.  If  these  ineqiialitiea  are  totaUy  removed,  aa  they  are  in  a 
boat  drawB  at  a  imifonn  rate  on  a  canal,  the  senae  of  feeling  no 
longer  affords  any  evidence  whatever  of  the  motion. 

A  remarkable  example  of  the  absence  of  all  conacioufiQeaa  of 
motion,  60  far  aa  mere  feeling  ia  concerned,  is  presented  to  all  who 
have  ancended  in  a  balloon.  Aa  the  aerial  vehicle  floats  with  the 
stratum  of  the  air  in  which  it  ia  Buspeuded,  the  feeling  of  the 
aeronaut  is  that  of  the  most  absolute  repose.  The  balloon  seems 
as  fixed  and  immovable  as  the  solid  globe  itself,  and  nothing  could 
produce  in  the  voyager,  blindfolded,  any  consciousness  whatever  of 
motion.  When  however  his  eyes,  imbandaged,  are  turned  down- 
wards, he  sees  the  vest  diorama  below  moving  under  him.  Fields 
and  woods,  villages  and  towns  pasa  in  succession,  and  the  pheno- 
mena are  such  oa  U>  impress  on  the  eye,  and  through  the  eye  upon 
the  mind,  the  conviction  that  the  balloon  is  stationary,  and  the 
earth  moving  under  it.  A  certain  effort  of  the  understanding, 
slight,  it  is  true,  but  still  an  effort,  is  required  to  arrive  at  the  in- 
ference that  the  impreaaiun  thus  produced  on  the  aenae  of  viaicm  is 
an  illusion,  that  the  motion  with  which  the  landscape  seems  to  be 
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ftfibcted  18  one  which  ia  reality  affecta  tiio  bulloon  in  which  the 
spectator  is  suspended^  and  that  this  motion  ia  equtil  in  speed,  and 
oontrnry  in  direction,  to  that  which  appears  to  afl'ect  the  subjacent 
conn  try. 

Now  it  will  ha  evident,  that  if  the  globe  of  the  earth,  and  all 
upon  it,  wore  fioating^  in  space,  and  moving  in  any  direction  at  any 
iinifonn  rate,  no  consciouanesa  of  snch  motion  coxdd  affect  anyaen- 
sitive  being  upon  it.  All  objects  part^iking  in  common  in  such 
motion,  no  more  derangement  among  them  would  ensue  than 
among  the  persons  and  objects  transported  in  the  cur  of  the  balloon, 
where  the  aeronaut,  no  matter  what  be  the  speed  of  the  motion,  c«m 
fill  a  glasft  to  the  hrim  as  easily  aa  if  ho  were  upon  the  solid  ground. 
Supposing',  then,  that  the  earth  were  affected  by  any  motion  in 
which  all  objects  upon  it,  incbiding  the  waters  of  the  ocean,  the 
atmoapbere,  and  clouds,  would  all  participate,  wotdd  the  ex^istence 
of  audi  a  motion  be  perceived  hy  a  spectator  placed  upon  the  earth, 
who  would  himself  partake  of  it  ?  It  ia  clear  that  he  must  remain 
for  ever  unconscious  of  it,  imlesa  he  could  find  wit  bin  the  range  of 
Ha  riaion  some  objects  which,  not  partakinjar  of  the  motion,  would 
appear  to  hare  a  motion  contrary  to  that  which  the  observer  haa  in 
common  with  the  earth. 

But  such  objects  are  only  to  he  looked  for  in  the  regions  of  tipace 
beyond  the  limits  of  the  atmosphere.  We  iind  them  in  the  buBj  the 
moon,  the  etars,  and  all  the  objects  which  the  fimiament  presenta. 
Whatever  motion  the  earth  may  have  will  impart  to  all  these  dis- 
tant objects  the  appearance  of  a  motion  in  the  contrary  diroctioo. 


CHAPTER  IV. 


BPHEROIDAL   FORJI^   M.\S8,   ANI>   PENSTTT   OF  ThK   EARTH. 

64.  Vrogresi  of  physical  Investlgiitloii  approximatlTe,  — 

It  is  the  condition  of  man,  and  probably  of  all  other  finite  intelli- 
gences, to  arrive  at  the  possession  of  knowledge  by  the  ^low  and 
laborious  process  of  a  sort  of  eyatem  of  trial  and  error.  The  first 
conclusions  to  which^  in  phy&ica]  enciuiries,  observation  conducta  us, 
are  never  better  than  very  rough  approximations  to  the  tnith. 
These  being  submitted  to  subsequent  comparison  with  the  orijpnals, 
undergo  a  first  series  of  corrections,  the  more  prominent  and  con- 
spicuous departures  from  conformity  being  removed.  A  second 
approximation,  but  still  only  an  approximation,  is  thus  obtained ; 
and  another  and  still  more  severe  comparison  with  the  phenomena 
under  investigation  is  made,  and  another  order  of  corrections  is 
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effected,  and  a  closer  Bpproxiniation  obtained.  Nor  does  tliia  pro- 
greaslTe  approach  to  perfect  exactitude  appear  to  hare  any  limit. 
TJie  best  reaults  of  ouj  iDtellectual  labours  are  slill  only  close 
lesenLblances  to  truth,  the  absolute  perfection  of  wMch  improbably 
reseired  for  a  higher  intellect ual  atiite. 

The  laboura  of  the  physical  inquirer  resemble  those  of  the 
sctilptor,  whose  first  efforts  produce  from  the  block  of  marble  a  rude 
and  uncouth  resemblance  of  the  human  form,  which  only  approached 
the  gTftce  and  beauty  of  nature  by  comparing  it  iaceaiantly  and 
indefiitigably  with  the  original ;  detaching  from  it  first  the  groaaer 
and  rougher  protuTbenmces,  and  subsequently  reducing  its  parts  by 
the  nicer  and  luore  delicata  touches  of  the  chisel  to  near  conformi^ 
with  the  model. 

It  would  however  be  a  great  mistake  to  depreciate  on  this  account 
the  residta  of  our  fijrst  efforts  in  the  acquisition  of  a  knowledge  of 
the  laws  of  nature.  If  the  iijrsl  conclusions  at  which  we  arrive  are 
erroneous,  they  are  not  therefore  the  less  necessary  to  the  ultimate 
attainment  of  more  exact  knowledge.  They  prove,  on  the  contraiy, 
not  only  to  be  powerful  agents  in  the  diacovery  of  those  correction! 
to  which  they  are  tbemseivea  to  be  submitted,  but  to  be  quite 
iudispensable  to  our  progress  in  the  work  of  investigation  and  dis- 
covery. 

These  observations  will  be  illustrated  by  the  process  of  instruction 
and  discovery  in  every  department  of  physical  science,  but  in  none 
so  frequently  and  so  forcibly  as  in  that  which  now  occupies  us. 

65.  Flrnre  «r  tbe  earth  bo  example  of  this.  ^  The  first  con- 
clusions at  which  we  have  arrived  respecting  the  form  of  the  earth 
is  that  it  is  a  globe ;  and  with  respect  to  its  motion  is,  that  it  is  in 
uniform  rotation  round  one  of  ita  diameters,  making  one  complete 
revolution  in  twenty-fouj  hours  sidereal  time,  or  23**  56'"  4*09 
common  or  civil  time. 

66.  OlobuJiu' Urare  Incompatible  wltli  rotatloDi — ^The  first 
question  then  which  presents  itself  is,  whether  this  form  and 
rotation  are  compatible  P  It  is  not  difficult  to  show,  by  the  most 
simple  principles  of  physics,  that  they  are  not ;  that  vvHith  such  a 
form  such  a  ro tuition  could  not  be  maintained,  and  that  with  such  a 
rotation  such  a  form  coidd  not  permanently  continue.  And  if  this 
can  be  certainly  established,  it  will  be  necessary  to  retrace  our 
steps,  to  Babmit  our  former  conclusions  to  more  rigorous  comparison 
wi^  the  objects  and  phenomena  from  which  they  were  derived,  and 
ascertain  which  of  tht-m  is  inexact,  and  what  is  the  modification 
and  correction  to  which  it  muat  he  submitted  in  order  to  be  brought 
into  harmony  with  the  other. 

67.  XotattoD  oannot  ibe  iiiodUled  —  anppflwea  form  ma]r>^ 
The  conclusion  that  the  earth  revolves  on  its  axis  with  a  motion 
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corresponding'  to  the  apparent  potatioD  of  tbe  firmament^  is  one  which 
admiU  of  no  modltieationj  and  must  from  its  nature  be  either  ab- 
8f»lutely  admitted  or  absolutely  rejected.  Tbe  globular  form  im- 
puted to  the  earth,  however,  ha*  been  inferre<i  for  observations  of  a 
general  nature,  unatteD^fed  by  any  conditiona  of  eiact  meaBurement, 
and  which  would  he  et^ually  compatible  with  innnmierable  forms, 
departing  to  a  very  con&iderfthle  and  meftaurable  extent  from  that 
of  an  exact  geometrical  sphere  or  globe. 

68.  H9W  rotation  would.  aJTeot  tlie  «itperllelal  grftvttjr  on 
ft  f  lobe  .—Let  N  Q  a,  Jiif  20.,  represent  a  section  of  a  globe  sup- 
posed to  have  a  motion  of  rota- 
tion round  the  diameter  m  B  bb 
an  axis,  Eveiy  point  on  ita  sur- 
face, such  as  p  or  p',  will  reTolve 
in  a  circle,  the  centre  of  which 
o  or  o'  will  be  upon  tbe  axis,  and 
tKe  radius  0  r  or  o'  v^  will  gra- 
dually decrease  in  approaching 
the  poles  N  and  a,  where  no  mo- 
tion takes  place,  and  will  gradiw 
ally  increase  in  approaching  the 
equator  a  o  0,  where  the  circle  of 
rotation  will  be  the  equator  itself. 

A  body  placed  at  any  part  of  the  surface,  such  as  p,  being  thus 
carried  round  in  a  circle,  will  be  affected  by  a  centrifugal  force, 
tbe  intensity  of  which  wili  be  expressed  by  (il.  314) 
0=  1-227  XRXW^XW, 

where  b=p  0,  the  radius  of  the  circle,  k  the  fraction  of  a  revo- 
lution made  in  one  second^  and  W  the  weight  of  the  body,  and  the 
direction  of  which  is  p  <?, 

This  centrifiigal  force  being  expressed  by  p  c  is  equivalent(5r.  1 66), 
to  two  forces  expressed  in  intensity  and  direction  by  p  m  and  p  n. 
Tbe  component  p  m  is  directly  opposed  to  the  weijtjht  w  of  the  bodv, 
which  acite  in  tbe  line  p  0  directed  to  the  centre,  and  has  the  efiect 
of  diminishing  it  The  component  P  n  being  directed  towards  the 
equator  a,  b^is  a  tendency  to  cause  the  body  to  move  towards  the 
equator ;  and  the  body,  if  free,  would  necessarily  so  move, 

Now  it  will  be  evident,  by  the  mere  inspection  of  the  diagram, 
tlrnt  the  nearer  the  point  p  is  to  the  equator  q,  the  more  directly 
will  tbe  centrifugal  force  P  c  be  opposed  to  the  weight,  and  con- 
sequently ihe  greater  will  be  that  component  of  it^  p  wi,  which 
will  have  the  effect  of  diminishing  tbe  weight 

But  this  diminution  of  tho  weight  is  further  augmented  by  the 
iucreaae  of  the  actual  mtensity  of  the  centrifugal  force  itself  in 
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approRchiiig  tlie  equator,  Bj  the  above  fonnula,  it  appeare  tbat 
tho  inteneity  of  the  centrifugal  force  must  increaw  in  proportion 
as  the  radius  k  or  p  o  iio creases.  Now  it  is  apparent  that  P  o 
increases  gradlu ally  in  going  from  p  toa^  gince  p'  o'  i»  ^e&ter,  and  QiO 
greater  still  than  p  o ;  and  that,  on  the  other  hand,  it  decreaaeA  in 
going  from  p  to  s;  or  a,  where  it  becomea  nothing. 

Thus  the  effect  of  the  centrifugal  force  in  diminishing  weight 
being  nothing  at  the  pole  n  or  s,  graduallj  increaaea  iu  approaching 
the  equator  ^rd^  because  ita  alwolute  intensity  graduallT  iBCFeaaeA  | 
and  secondly,  because  it  is  more  and  more  directly  opposed  to  grafify 
nntil  we  arrive  at  the  equator  it**€lf,  where  ita  intensity  ia 
and  where  it  ia  directly  opposed  to  gravity , 

The  effects^  therefore,  produced  by  the  rotation  of  a  globe, 
aa  the  earth  baa  heen  asHumed  to  be,  are  —  lat.     The  decrease 
the  weighta  of  bodies  upon  ita  aurfafe,  in  going  &on3  the  pole  to  OSS 
equator;  and  zodly,  A  tendency  of  all  Buch  bodiea  as  are  free,  to 
move  from  higher  latitudes   in  either   hemh^phere   towaitla   the 
equator. 

69.  nie  flmre  miist  l»e  lorae  aart  of  oblate  •pberold.  — 
Now  the  efiecta  produced  by  centrifugal  tbrce  caused  bj  the  rota- 
tion of  the  earth,  would  he  fulfilled  if^  instead  of  being  an  exact 
sphere,  it  were  an  oblate  spheroid,  ha^-ing  a  certain  detinite  ellipti- 
citf, — ^that  ia,  a  figure  which  would  be  produced  by  an  ellipse 
revolving  round  its  shorter  axia.  Such  a  figure  would  resemble  an 
oiaogB  or  a  turnip.  It  would  be  more  convex  at  the  equator  than 
at  the  polcB.  A  globe  composed  of  elastic  materials  would  be 
reduced  to  auch  a  figure  by  pressing  ita  polos  together  10  as  to 
flatten  more  or  leaa  the  flurfkce  of  these  points,  and  produce  a  pro- 
tuberance around  the  equator.  The 
meridians  of  such  a  globe  would  be 
eUipsea,  having  ita  axis  as  their  lesteer 
axis,  and  the  diameters  of  the  equator 
aa  their  greater  axes. 

The  form  of  the  meridian  would 
be  Buchaa  is  represented  in  Jig.  2J, 
TT  a  being  the  axia  of  rotation,  and 
M  d  the  equatorial  diamet«n 
70.  Xta  eUtptl«lty  tanat  depend  on  ffTO7lt7  and  centrlftiffml 
fore«, — The  protuberance  around  the  equator  may  be  more  or  lesa, 
according  to  the  ellipticity  of  the  gpheroid  ;  but  since  the  distribu- 
tion of  land  and  water  is  indifferent  on  the  surface,  having  no 
prevftlence  about  the  equator  rather  than  about  the  poles,  or  vice 
versa f  it  m  evident  that  the  degree  of  protuberance  niuat  be  that 
which  counteracts,  and  no  more  than  counteracts,  the  tendency  of 
the  fluids,  in  virtue  of  the  centrifugal  force,  to  flow  towards  the 
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equator.  This  protal)erance  may  be  considered  aa  equivalent  in  ita 
effects  to  an  acclivity  of  regulated  inclination,  rising  from  each 
pole  towards  the  equator.  To  arrive  at  the  equator  the  fluid  must 
ascend  this  acclivity,  to  which  ascent  gravity  opposes  itself,  with  a 
force  depending  on  its  steepness,  which  increases  with  the  magni- 
tude of  the  protuberance,  or,  what  is  the  same,  with  the  ellipti- 
city  of  the  spheroid.  If  the  elliptici^  be  less  than  is  necessaiy  to 
counteract  the  effect  of  the  centrifugal  force,  the  fluid  will  still 
flow  to  the  equator,  and  the  earth  would  consist,  aa  before,  of  a 
great  equatorial  ocean  separating  two  vast  polar  continents.  If  the 
ellipticity  were  greater  than  is  necessary  to  counteract  the  effect  of 
the  centrifugal  force,  then  gravity  would  prevail  over  the  centri- 
fugal force,  and  the  watera  would  flow  down  the  acclivities  of  thd 
excessive  protuberance  towards  the  poles,  and  the  earth  would 
conaiBt  of  a  vast  equatorial  continent  separating  two  polar  oceans. 

Since  the  geographical  condition  of  the  surface  of  the  earth  la 
not  consist^t  with  either  of  these  consequences,  it  is  evident 
that  its  figure  must  be  an  oblate  spheroid,  having  an  ellipticity 
exactiy  corresponding  to  the  variation  of  gravity  upon  its  surface, 
due  to  the  combined  effect  of  the  attraction  -exerted  by  its  consti- 
tuent parts  upon  bodies  placed  on  its  surface,  and  the  centrifugal 
force  arising  from  ita  diurnal  rotation. 

It  remains,  therefore,  to  determine  What  this  particular  degree  of 
ellipticity  is,  or,  what  is  the  same,  to  determine  by  what  fraction 
of  its  whole  length  the  equatorial  diameter  jsq  exceeds  the  polar 
axisKS. 

71.  mtptloltar  may  be  eallmlatea  mad  meAsnred,  aild  thtf 
resBlte  eompared. — The  degree  of  ellipticity  of  the  terrestrial 
spheroid  may  be  found  by  theory,  or  ascertained  by  observation 
and  measurement,  or  by  both  these  methods,  in  which  case  the  ac- 
cordance or  discrepancy  of  the  results  will  either  prove  the  validity 
of  the  reasoning  on  which  the  theoretical  calculation  is  founded,  or 
indicate  the  conditions  or  data  in  such  reasoning  which  must  be 
modified. 

Both  these  methods  have  accordingly  been  adopted,  and  their 
results  are  found  to  be  in  complete  harmony. 

7  2.  BlUptioitT'  oaloulated.  —  The  several  quantities  which  are 
involved  in  this  problem  are:  — 

1.  The  time  of  rotation»B. 

2.  The  fraction  of  its  whole  length  by  which  the  equatorial 

exceeds  the  polar  diameter  =  e. 

3.  The  fraction  of  its  whole  weight  by  which  the  weight  of  a 

body  at  the  pole  exceeds  the  weight  of  the  same  body  at 
the  equator  =  w, 

4.  The  mean  density  of  the  earth. 
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5.  The  law  according  to  which  thedenaity  of  the  strata  Taries 
in  proceeding  from  the  surface  to  the  centre. 

All  these  quantities  ha\e  Buch  a  iinitual  dependence,  that  when 
some  of  them  are  given  or  known,  the  others  may  be  found. 

Id  whatever  waj  the  solution  of  the  problem  niaj  be  appmoched, 
it  is  eTident  that  the  fonn  of  the  apheroid  must  be  the  wime  as  it 
would  be  if  the  entire  mass  of  the  earth  were  fluid.  If  this  were 
not  ao,  the  parts  actually  fluid  would  not  be  founds  as  they  are 
nlways,  in  local  eq^uilibrium.  The  state  of  relative  density  of  the 
strata  proceeding  firora  the  surface  to  the  centre  is,  however,  not  so 
evident.  Newton  invegtij^t^d  the  question  by  ascertaining  the 
form  which  the  earth  would  assume  if  It  consisted  of  fluid  matter 
of  uniform  density  from  the  surface  to  the  centre ;  a  ad  the  result  of 
his  finalysis  was  that,  in  that  case,  assuming  the  time  of  rotation  to 
be  what  it  Is,  the  equatorial  diameter  must  exceed  the  polar  by  the 
2  30tb  part  of  hs  whole  length,  and  grftvity  at  the  pole  must  exceed 
gravitj'  at  the  equator  by  the  same  fraction  of  it«  entire  force. 

As  physical  ecieace  progressed^  and  mathematical  aoftlysis  was 
hrought  to  a  greater  state  of  perfection,  the  same  problem  was 
investigated  by  Clairault  and  several  other  mathematicians,  under 
more  rigoroua  conditions.  The  uniform  density  of  the  ODnstituentB 
of  the  earth— ft  highly  improhahle  supposition  —  was  put  aside, 
and  it  was  assumed  that  the  successive  strata  from  the  centre  to 
the  surface  increaaad  in  density  according  to  eome  undetermined 
conditions.  It  was  asaumed  that  the  mutual  attraction  of  all  the 
constituent  parts  upon  rdv  one  part,  and  the  efiect  of  the  centri- 
fugal force  arising  from  the  rotation,  are  in  equilibrium;  so  that 
every  particle  composing  the  spheroid^  from  its  centre  to  its  suifiKje, 
is  in  repose,  and  would  remain  so  were  it  free  to  move. 

By  a  complicated  and  very  abstruse,  but  perfectly  clear  and  cer- 
tain mathematical  analysisj  it  has  been  proved  that  the  quantities 
above  mentioned  have  tlio  following  relation.  Let  r  express  a  cer- 
tain number,  the  amount  of  which  will  vary  with  R.  We  aball 
then  have 

e  -\-  lu^zr. 

Now  it  has  been  shown  that  when  e=23**  56""  4"09,  the  number 
r  will  he  .j-f^,  so  that  in  eflect 

This  result  was  shown  to  be  true,  whatever  may  be  the  law  ac- 
cording to  which  the  density  of  the  stmta  vmies. 

It  further  results  from  these  theoreticid  researches  that  the  mean 
density  of  the  entire  terrestrial  spheroid  is  about  twice  the  mean 
density  of  its  superficial  crust. 
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It  follows  from  this  tbat  thfs  density  of  ita  central  parts  mui^t 
greatly  exceed  twice  the  deusitr  of  its  cnist. 

It  remiiius,  therefore,  to  tee  how  far  these  results  of  theoty 
Kce  in  accordance  until  thole  of  actiml  obfiervation  and  measure- 
ment 

J^.  SlUptlcity  of  teireBtrisU  spheroid  by  obverr&tloii  oJid 
iDeainrement.  —  If  a  terrestrial  meridian  were  an  exrict  cirdD,  aa 
it  would  neceasarily  be  if  the  earth  were  an  exact  globe,  every  part 
of  it  would  haye  the  same  cun  ature.  But  if  it  were  an  ellipse,  of 
which  tiie  polar  diameter  is  the  leaser  axis,  it  would  have  a  vary- 
ing- ciin'flture,  the  convexity  being  greatest  at  the  equator,  and 
least  at  the  poles.  If,  then,  it  can  bo  ascertained  by  obsenation, 
tbat  the  curvatnje  of  a  meridian  is  not  imiforoi,  but  that  on  the 
contrary  it  increases  in  proing  towards  the  Line,  and  diminishes  in 
going  towards  the  poles,  w©  shall  obtain  a  proof  that  its  form  ia 
that  of  an  cjblnte  spheroid. 

To  comprehend  the  method  of  asfertaining  this,  it  must  be  con- 
sidered that  the  ciirvatiir©  of  circles  diminishes  as  their  diameters 
are  augmented.  It  is  evident  that  a  circle  of  one  foot  in  diameter 
has  a  less  degree  of  curvature,  and  is  less  convex  than  a  circle  one 
inch  in  diameter.  But  an  arc  of  a  circle  of  a  given  aiigidar  magni- 
tude, such  for  example  as  i°,  has  a  length  proportional  to  the  dia- 
meter. Thus,  an  arc  of  i°  of  a  circle  a  foot  in  diameter,  is  twelve 
times  the  length  of  an  arc  of  I*'  of  a  circle  an  inch  in  diameter. 
The  curvature,  therefore,  increases  as  the  length  of  an  arc  of  l°  di- 
minishes. 

If,  therefore,  a  degree  of  the  meridiau  be  observed,  and  measured, 
by  the  process  already  explained  (58),  at  difFeront  latitudes,  and  it 
is  found  that  its  length  is  not  unifomdy  the  same  as  it  would  be  if 
the  meridian  were  a  circle,  but  that  it  ia  less  in  approaching  the 
equator,  and  greater  in  approaching  the  pole,  it  will  follow  that  the 
convexity  or  curvature  increases  towards  the  equator,  and  dimi- 
nishes towards  the  poles  ,*  and  that  consequently  the  meridian  has 
the  form,  not  of  a  circle,  but  of  an  ellipse,  the  lesser  axis  of  which  is 
the  polar  diameter. 

Such  observations  have  accordingly  been  made,  and  the  lengths 
of  a  degree  in  various  latititde^j  from  the  Line  to  66°  N.  and  to  35^ 
S.,  have  been  measured,  and  found  to  vary  from  363,000  feet  on 
the  Line  to  367,000  feet  at  lat.  66", 

From  a  comparison  of  such  mertsumments,  it  has  been  ascertained 
that  the  equatorial  diameter  of  the  spheroid  exceeds  the  polar  by 
^  of  its  length.     Thus  (72) 

_    I 
^~3oo 


58  ASTRONOMY. 

74.  Vartrntloa  of  §^rtLvity  toy  obB«rvatioii. — The  manner  in 
wliick  tbe  variation  of  tbe  imeiisity  of  Buperliciftl  gravity  at 
diil*ereDt  intitudea  is  nscertoiiied  by  meana  of  the  pendulum,  has 
beeo  explained  in  M.  505.  From  &  comparison  of  theao  obaerra- 
tiona  it  bias  been  inferred  that  the  eiTective  weight  of  a  body  at  the 
pole  exceeds  ita  weight  at  the  eq^aator  by  about  the  t^t^  '  P*^  ^^ 
the  whole  weight 

7^.  JLccoT^uMoe  of  tbese  results  with,  tbeor^r.^By  compar- 
ing these  residta  with  those  obtftined  by  Newton,  on  tha  supposi- 
tion of  the  uniform  density  of  the  eailh^  a  discrepimcy  will  b© 
found  sufficient  io  prove  the  faldehuod  of  tbat  suppositioD.  The 
value  of  e  found  by  Newton  ia  ^^,  its  actual  value  bebg  -y^^,  and 
that  of  w  ^^,  its  actuid  value  btung-  ^-^y. 

On  the  other  handf  the  ftCi?ordance  of  these  reaulta  of  obBervation 
and  meaaurement  with  the  more  riKorous  conclu^ons  of  later 
researches  13  complete  and  striking;  for  instance,  if  in  the  relation 
between  e  and  «?,  explained  in  (72),  we  iubatitute  for  w  the  value 
^\y)  determined  by  observation,  we  find  the  result  as  the  value  for 
«,  which  lA  obtained  hy  computation  founded  on  measurement,  to  be 

76,  Actual  llaeajr  dluienaion*  of  the  terrestrial  spheroid. — 

It  is  not  enough  to  know  the  proportiona  of  the  earth.  It  ia  re- 
quired to  detenuine  the  actual  dimensions  of  the  spheroid.  The 
following  are  the  lengths  of  the  polar  and  equatorial  diameters, 
according  to  the  computations  of  the  most  emiijient  and  recemt 
authoritiea :  — 


BcMU 

Abj. 

Polw  diameter    .           .           -           - 

2649D 

7899'70 

J 

l^JJO 

The  dose  ooincidence  of  these  results  supplies  a  striking  example 
of  the  precision  to  which  such  calculations  have  been  brought 

The  departure  of  the  terrestrial  spheroid  from  the  form  of  an  ex- 
act globe  is  80  inconsiderable  that,  if  an  exact  model  of  it  turned 
in  ivory  were  placed  before  us,  we  could  not,  either  by  sight  or 
touch,  diatijii»Tiish  it  from  a  perfect  billiard  bidl.  A  figure  of  a 
meridian  accurately  drawTi  ou  paper  could  only  be  diatinguiahed 


•  Differeat  vilnes  are  Msigned  10  this  —  Str  John  Henchel  prefers  ^,, 
the  Astronomer  Boyal  ^|g.    We  have  taken  a  mean  between  iheae  estimates. 
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firym  a  circle  by  the  most  precise  meftaurement.  If  the  major  axis 
of  Bucb  an  ellipse  were  eqaal  in  length  to  the  page  now  under  the 
eye  of  the  read«r,  the  leBAer  tutis  would  fall  short  of  tho  same  luDgth 
less  than  the  fortieth  of  mi  iDth. 

77.  Dtmeoslona  of  tlia  »plierol(ilal  eqimtorlal  exoeaa*  —  If 
a  sphere  if  g  8  g  b«  iiuHigiiied  to  be  inscribed  within  tlie  terrestzial 
apheroid  having  the  polar  axis  k  s,Jiff.  22.,  for  its  diameter,  a  aphe- 
voidal  shell   will  be   m(?kided 

between  ita  surfnce  and  that  of  ^- 

the  spheroid  composed  of  the 
protuberant  matter,  haTing  a 
thickness  q  q  of  z6  miles  at  the 
equator,  and  becoming  grradti- 
ally  thinner  in  proceedings  to 
the  poles,  where  its  thickness 
yanishes.  This  ehell,  which 
CODStitntey  the  equatorial  ex- 
cess of  the  spheroid,  and  whic'j 
hflj  A  density  not  more  than  half  the  mean  density  of  the  earth,  the 
bulk  of  which,  moreover,  would  be  irap<*Tceplible  upon  a  mere 
inspection  of  the  epheroid,  is  nevertheless  attended  iidth  most 
important  eflects,  and  by  its  cavitation  ia  the  origin  of  most 
striking  phenomena  not  only  in  relation  to  the  moon,  hut  also  to 
the  far  more  distant  mass  of  the  sun. 

78.  lienalty  ftnd  inaaa  of  tbe  eaLrfb  hy  o1»aerTatlon» — The 
magnitude  of  the  earth  being  known  with  great  prvcision^  the  de- 
termiQation  of  its  mass  and  that  of  ita  mean  density  become  one  and 
the  same  problem,  since  the  comparison  of  its  miias  with  its  magni* 
tude  will  give  its  mean  density,  and  the  comparison  of  its  mean 
density  with  its  mBgnitude  will  give  its  mass. 

The  methods  of  ascertaining  the  mass  or  actual  ijuontity  of 
matter  contained  in  the  earth  are  all  based  upon  a  compariaou  of 
the  gravitating  force  or  attraction  which  the  earth  exerts  upon  an 
object  with  the'  attraction  which  some  other  body,  whoso  mass  is 
exactly  known,  exerts  on  the  same  object  It  is  assumed,  aa  a 
iKwtulate  or  axiom  in  physics,  that  two  masses  of  matter  which  at 
equal  distances  exert  equal  attractions  on  the  same  body  must  be 
equal.  But  as  it  is  not  alwHys  possible  to  bring  the  attracting 
and  attracted  bodies  to  equal  distances,  their  attractions  at  unequal 
distances  ntay  bo  observed,  and  the  attractions  which  they  would 
exert  at  equal  distances  may  be  thence  inferriKl  by  the  general  law 
of  gravitation,  hj  which  the  attraction  exerted  by  the  same  body 
increaaesaa  the  square  of  the  distance  from  it  is  diminished, 

79.  Ht*  nxaskelyne'a  Aalntion  bjr  tbe  attra^tioii  of  Bcbelial* 
Uea. —  This  celebrated  problem  conaisted  in  detominmg  the  ratio 
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of  the  mefln  density  of  a  mountain  caUed  Schehallien,  in  Pertlislire, 
to  that  of  the  earth ,  by  aacertainin^  the  amount  of  the  deviation  of 
a  plumb-line  from  tlio  direction  of  the  true  vertical  produced  by 
tlie  local  attraction  of  the  mountain. 
To  reoder  this  method  practicable,  it  is  necessaiy  that  the  moun- 


tain selected  be  a  solitaiy  one,  standing  on  an  extensire  plain,  since 
otherwise  the  deriation  of  the  plumb-line  would  be  affected  by 
neighbouring  eminences  to  an  extent  which  it  might  not  be  possible 
to  estimate  with  the  necessaiy  precision.  It  was  considered  by 
Dr.  Maskeh'ne  that  no  eminence  gufficiently  considerable  exists 
near  enough  to  Schehallion  to  produce  such  disturbajiee. 

The  accuracy  of  Ibis  inference  is  however  rather  doubtfid.  Mr. 
AiiTi  who  has  personally  examined  the  mountain,  aays :  *'  The 
mountain  is  nearly  euirounded  by  other  mowntflinSj  of  which  one  is 
much  higher  than  itaelf;  the  geology  also  of  the  couutry  ia  compli- 
cated." The  exact  disturbance  due  to  the  attraction  of  the  moun- 
tain would  for  these  reasons  be  extremely  difficult  to  discover. 


i 


FORM  XSD  DENSITY  OF  TliE  EARTH. 


6i 


The  mountom  mngbg  eftst  mid  west,  two  stationa  were  selected 
on  its  northern  and  southern.  acclivitieB,  so  os  to  be  in  the  Sftzne 
meridiui,  or  very  nearly  eo.  A  plumh-liDe,  attached  to  an  infttniment 
called  a  ienitli  sectur,  adapted  to  mfcosuie  with  extit^me  ftcciiTBcy 
email  zenith  distances,  was  brought  to  each  of  these  stations,  and 
the  distance  of  the  same  atar,  seen  upon  the  nieridiaa  irom  the 
directioua  of  the  pliLmb-liue,  were  observed  at  both  places. 

The  difference  between  those  distances  gave  the  angle  under  the 
two  directions  of  the  phimb-line.  Tbia  will  be  more  clearly  under- 
stood by  lefereoco  to^^,  23,  where  P  and  P'  represent  the  pointa 
of  suspension  of  the  two  pliimb-lines.  If  the  mountain  were  re- 
muved,  they  would  hang  in  the  directions  f  c  and  v*  c  of  the  earth 'a 
centre,  and  their  directions  would  be  inclined  at  the  angle  P  0  p^ 
But  the  attraction  exerted  by  the  interjacent  mass  produces  on 
each  Bide  a  slight  deilection  towards  the  moiintain,  bo  that  the  two 
directions  of  the  plunih-^Ene,  instead  of  converging-  to  the  centre  of 
the  earth  c,  converge  to  a  point  c  nearer  to  the  surface,  and  form 
with  each  other  an  angle  p  c  p'  ^ater  than  p  c  p'  by  the  sum  of 
the  two  deflectiona  c  p  c  and  c  p'  c. 

Now  by  means  of  the  zenith  sector  the  diatancea  sz  and  sz'  of 
the  points  z  and  Z'  £rom  any  star  such  as  s,  can  be  observed  with 
a  precision  so  extreme  as  not  to  be  subject  to  a  greater  error  than 
a  small  fraction  of  a  second.  The  difference  of  these  distancea 
will  be  — 

8  z'  —  a  z  —z  z\ 


thd  apparent  distance  between  the  two  points  z  and  z'  on  the 
heavens  to  which  the  plumb-line  points  at  the  two  stations.  This 
distance  expressed  in  aeconds  gives  the  magnitude  of  the  azigle 
pcp'  formed  by  the  directions  of  the  plumb-line  at  the  two  stationB, 
which  is  the  sum  of  the  deflection  produced  by  the  loc^  attraction 
of  the  mountain, 

If  the  moimtain  were  not  present,  the  angle  Pcp'  could  bo 
ascertained  by  the  zenith  sector ;  but  as  the  indications  of  that 
instrujjient  have  reference  to  the  direction  of  tlie  plumb-liae,  it  is 
rendered  inapplicable  in  conseq^ueuce  of  the  disturbing  effect  of  the 
mountain. 

To  determine  the  magnitude  of  the  angle  POP',  therefore,  the 
direct  distance  between  the  stations  p  and  p'  is  ascertained  by 
making  a  survey  of  the  mountain  which,  as  will  presently  appear, 
is  also  necessary,  in  order  to  determine  its  exact  volume.  For 
©very  hundred  feet  in  the  distance  between  p  and  p'  there  wiU  be 
l"  in  the  angle  P  c  p'  (6o)»  Muding,  therefore^  the  direct  distance 
between  P  and  p'  in  feet,  and  dividing  it  by  1 00,  wo  shell  have 
the  angle  p  cp'  in  seconds. 
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In  the  cssG  of  tlio  experimeut  of  Br,  Maskolfne,  which  was  xoiile 
in  1774,  the  anprle  PCP'wfta  foimd  to  he  41",  and  the  ang-W 
p  c  P'  53".     The  sum  of  the  two  defiections  was  therefore  1  a^' . 

The  Borvev  of  tbo  wouotain  supplied  the  data  necessftiy  to  d^- 
tennine  its  ortual  Tobime  in  cubic  miles,  01  fractjon  of  «  cubic  mUa. 
An  elahorate  eutamifiAtion  ofitaitmtific&tioni  hj  meaua  of  sej^tiooap 


'/ 
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borings,  and  the  other  usual  methods,  supplied  the  data  necessaij 
to  determine  the  weights  of  its  component  part*,  and  thence  the 
weight  of  its  entire  volume :  and  the  comparison  of  this  weight 
with  its  volume  gave  its  mean  density. 
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The  mean  d^nsitr  of  the  onrth  resulting  from  this  experiment  is 
about  five  times  thut  of  watiT. 

8a  <teT«Bdlsh*»  solntloii.  —  Atahiter  poriotl  CftTendish  made 
the  experiment  wiiich  Wars  hU  name,  in  which  tlic  attraction 
exerted  by  the  earth  ui>«)n  a  Ixxly  on  iU  surface  was  compared  with 
the  attraction  nxcrti'd  hy  a  large  metallic  \udl  on  th<!  same  body ; 
and  this  experiment  was  repeated  still  more  recently  by  Dr.  Keich, 
and  by  the  late  Mr.  Francis  iiaily,  as  the  active  member  of  a  com- 
mittee of  the  Koyal  AMtninomicul  Society  of  Jjondon.  All  these 
sereral  experimentors  proccciU'd  by  methods  w}uch  diiferud  only  in 
some  of  tlieir  practical  details,  and  in  the  conditions  and  precautions 
adopted  to  obtain  more  accurate  result t<. 

In  the  apparatus  ufufid  by  Mr.  Ikily,  the  latest  of  them,  the 
attnctinyr  bodies  with  which  the  globe  of  the  earth  was  compared 
were  two  balls  of  lead,  each  a  foot  in  diameter.  Tlie  bodies  up<m 
which  their  attnictiun  whs  manifested  were  small  balls,  about  two 
inches  in  diameter.  The  former  were  supported  on  the  ends  of  an 
oblonfT  horizontnl  stnp-e,  capable  of  being  turned  round  a  vertical 
axis  supporting  the  Htagi>  at  a  point  midway  between  them.  Let 
Jiff.  24  represent  a  plan  of  the  apparatus.  The  large  metallic  balls 
B  and  jif  are  supported  upon  a  rectangular  stage  represented  by  the 
dotted  lines,  and  so  moiuited  as  to  be  capable  of  being  turned  round 
its  centre  c  in  its  own  plane.  Two  small  balls  a  a',  about  two 
inches  in  diameter,  are  attached  to  the  ends  of  a  rod,  so  that  the 
distance  bct^'een  their  centres  shall  be  nearly  et^ual  to  b  b'.  This 
lod  is  supported  at  c  by  two  lino  wires  at  a  very  small  distance 
asunder,  so  that  the  balls  will  be  in  repose  when  the  rod  a  a'  is  di- 
rected in  the  plane  of  the  wirc8,  and  can  only  be  turned  from  that  plane 
by  the  action  of  a  .^^mall  and  definite  force,  the  intensity  of  which  can 
always  be  ascertained  by  the  angle  of  deflection  of  the  rod  aa\  The 
exact  direction  of  the  rod  a  a'  is  observed,  without  approaching  tho 
apparatus,  by  means  of  two  small  telescopes  T  and  t',  and  the  extent  of 
its  departure  from  its  position  of  equilibrium  may  be  measured  with 
great  precision  by  micrometers. 

In  the  pcrfominnco  of  tho  experiment  a  multitude  of  precautions 
were  taken  to  remove  or  obviate  various  causes  of  disturbance,  such 
as  currents  of  air,  which  mi«-lit  arise  from  unequal  changes  of  tem- 
perature which  need  not  be  described  here. 

The  large  balls  being  first  placed  at  a  distance  from  the  small 
ones,  the  direction  of  the  rod  in  its  position  of  equilibrium  was 
obser\'cd  with  the  telescopes  T  t'.  The  stuge  supporting  tlie  large 
balls  was  then  turned  until  they  were  brought  near  the  small  ones, 
as  represented  at  b  b'.  It  was  then  observed  that  the  small  balls 
were  attracted  by  tho  large  ones,  and  the  amount  of  the  deflection 
of  the  rod  rt  ^  was  observed. 
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The  firaiue  eupportiog  the  large  hd\»  was  then  turned  until  b 
Wft3  brought  to  6,  and  u'  to  b%  so  as  to  attract  the  aoiall  bulla  on  the 
other  sidtjf  and  the  deflection  of  a  o'  was  agiujo  observed.  In  each 
ease  the  amount  of  the  defection  being  exactly  ascertained,  the 
inttsneity  of  the  deflecting  force,  imd  its  witio  to  the  weight  of  the 
htHlBfj  became  knonii. 

The  properties  of  the  pendulum  supplied  a  very  simple  and  exact 
means  of  comparing  the  attraction  of  the  balLa  B  and  B'  with  the 
attraction  of  the  earth.  The  balls  a  a'  were  made  to  vibrate  through 
a  small  arc  on  each  sidt?  of  the  position  which  the  attraction  gave 
them,  and  the  rate  of  their  \ib radon  waa  observed  and  compared 
with  the  rate  of  vibration  of  a  common  pendulum.  The  relative 
Intensity  of  the  two  attractioiia  waa  computed  from  a  compai-iijon 
of  thefifl  rates  by  the  principles  eatabliahed  in  (M.  505).  The  pre- 
cision of  which  this  process  of  observation  is  susceptible  may  bo 
inferred  from  the  fact  that  the  whole  attraction  of  the  l>all6  Bb' 
upon  «  a'  did  not  amount  to  the  20-niillionth  part  of  the  weight  of 
the  balla  a  a\  and  tlial  the  possible  error  of  the  result  did  not  exceed 
2  per  cent  of  ita  whole  amount. 

The  attraction  which  the  balls  B  B'  would  exert  on  a  a',  on  the 
Bupposition  that  the  mean  density  of  the  earth  ia  equal  to  that  of 
the  metallic  balls  B  b',  was  then  computed  and  found  to  be  le^is  than 
the  actual  attraction  observed,  and  it  was  inferred  that  the  density 
of  the  earth  was  loss  than  that  of  the  balls  B  b'  in  the  same  ratio. 

The  result  of  this  experiment  as  determined  by  Mr,  Baily  gave 
the  mean  density  of  the  earth  5*67  times  greater  thoQ  that  of 
water. 

The  apparatus  for  determining  by  immediate  observation  the 
mean  denmty  of  the  earth,  will  be  more  easily  understood  by  refer- 
ence to JiffS.  25,  26,  and  2jf  asHiBted  by  the  following  explanation, 

Inj%.  25,  the  two  great  balls  w  w  are  presented  obliquely  and 
foreshortened,  their  true  position  being  represented  in  the  ground 
plon^^.  26.  The  small  balls  a  a' Jig.  24  correspond  with  x  :ijig.  2  5, 
and  the  rod  connecting  them  with  A  A.  The  two  small  leaden 
balla  X  X  are  suspended  to  the  extremities  of  the  hori7ontal 
jod  A  A,  supported  at  its  midille  point  by  a  vertical  metallic 
I  (J  m.  The  two  wires  g  h  are  arranged,  connecting  the  ex- 
lities  of  A  A  with  the  point  ^,  to  prevent  the  flexure  of  the 
A  A  by  the  weight  of  the  halls  x  x.  The  sus^pending  wire 
t  ff  vij  the  oblique  wires  ff  It,  the  rod  A  A,  and  the  balla  xx 
are  enclosed  in  a  lightly  constructed  case,  A  b  c  n  E  r,  to  prevent  the 

it  effect  of  the  ajjitation  of  the  surrounding   air.    This  box  ia 

jtained  by  foiu-  vertical  supports,  two  of  which  are  rejiresented 
in  e.  The  two  great  balls  w  w  are  suspefided  by  two  vertical  poda 
connected  above  by  the  piece  r  P  r,  which  is  temiinated  at  p  by  the 
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rod  P  Pf  wliich  trBverses  a  fixed  beam.  A  pulley  Ji  M  is  fixed  upon 
the  rod  'P  Pfhy  wbicli  tlie  whole  apparotuB  aupporling^  the  balls  w  w 
can  be  turned  round  the  Tertical  axis. 

Let  U8  now  suppose  the  balla  w  w  to  be  place'd  m  the  verticid 
plane  at  right  angles  to  the  rod  A  k  In  that  position,  their  attrac- 
tiona  upon  the  balls  x  Xf  bting' equal  and  contrary,  will  equilibrate, 


Fig.  15. 

[  Had  the  balls  x  s  will  remain  undisturbed.  If  we  bring  the  two 
larjjfe  balls  w  w  into  the  position  represented  in^y.  26,,  they  will 
attract  the  small  bnlLs  .r  x,  and  will  mfilie  the  lever  h  h  turn  upon 
tt$  vertical  axie.  in  cnnsoquence  of  which,  a  eljght  degree  of  torsion 
will  be  friven  to  the  wire  1 17,  which  torsion  mil  balance  the  effect  of 
the  attraction  of  the  balla  w  w.    If  the  balls  w  w  are  turned  to  the 

■  position  w  w  indicat*^d  by  the  dotted  linesj  the  email  bnlls  jr  x  will 
l»e  again  attracted,  but  in  contrary  directions^  and  with  equal  forces. 

in  ■   _ 
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It  »  <mdent  that  the  totitl  angle  of  torsion  thniiigh  wbich  the 
w-ire  ff  i  will  be  turned  1>t  the  rod  A  A  in  the  two  cases,  wili  repi-e- 


Fif.3fiL 


fi€ait  twice  the  Bttractive  force  of  Uie  balls  in  thia  case,  so  that  half 
the  angle  of  toraioa  will  expr&sa  the  actual  attraction  of  tlie  great 


Tig.  17. 

bftUs  in  each  of  the  two  positions.  By  corapariDg  the  force  of  at- 
traction with  the  iictiijil  wfig-ht  of  the  4»mall  balls  .r,  talking  account 
of  the  mtio  between  the  distances  of  the  centrt^a  of  the  small  and 
great  balla  and  the  radiiia  of  the  earthy  we  have  all  the  data  neces- 
laijto  compare  the  attraction  of  the  whole  mass  of  the  earth  upon 
the  small  balls,  witli  the  attraction  of  the  maa«  w  upon  them. 

The  actual  value  of  force  exerted  by  the  torsion  of  the  wire  I  g  is 
detennined  by  turning  the  halls  r  .r  from  their  jwaition  of  equDi- 
brium,  and  allowing  them  to  %ibrat'G  to  the  ri^ht  and  left  alter- 
natijly  of  the  position  of  equilibrium.  The  time  of  'vnbration  will 
in  that  cose  determine  the  force  of  torsion,  upon  the  same  principle 
Aa  the  time  of  vibration  of  a  common  pendulum  determines  the 
force  of  gravity. 

The  manner  in  which  Cavendish  disposfHi  hia  apparatus  in  an  ia^ 
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tlostd  clianiVr,  m  m  to  remove  it  from  all  dJahirljing  causes  RrisiDg- 
from  the  a>ptalioD  of  the  siuroundiug  air,  is  repreaented  m  ^»  27. 
The  deviation  of  the  lover  A  A,  whether  produced  bj'  the  attraction  of 
the  great  btdla  or  by  the  oscillation  of  tie  Binall  onea,  on  either  side 
of  the  position  of  ef^iiilibrinm^  waa  ob&ened  by  the  two  telescopes 
T  T  directed  towards  tlie  extremities  of  the  lever  A  h.  Two  small 
divided  rules  n  h  wero  adapted  to  the  extremities  of  the  lever  h  h, 
and  moved  with  it  behind  two  small  openings  tluroug^li  which  they 
were  visible  by  the  tele&copes  T  T.  The  lamps  L  L  projected  lig^ht 
by  reflectora  upon  these  two  small  mles  n  n.  A.  homontal  rod| 
terminated  by  a  button  K,  communicated  by  its  inner  extiemity 
with  the  support  of  the  vertical  wire  I  ff^  by  making  the  button  k 
ium  this  support  round  its  vertical  axis.  In  this  way,  the  rod  h  h 
would  always  be  adjusted  to  the  position  which  it  oug^ht  to  have, 
when  the  vertical  wire  /  7  suffeped  no  torsion.  FinaUy,  a  cord 
pAssed  through  the  groove  of  a  pulley  M  11  ♦  /%.  25.  fixed  horizon- 
tally above  the  piece  p  r.  The  two  corda  proceeding  from  this 
ifisued  from  the  chamber  by  two  latend  openings,  pasaed  each  other 
in  the  groove  of  a  vertical  puUey  y,  and  supported  weighta  destined 
to  give  them  the  necessary  tendon.  It  was  sufficient  to  draw  one 
of  these  two  cords  to  turn  the  pulley  m  m,  drawing  with  it  the  two 
large  balk  w  w,  so  Ba  to  place  these  two  balk  in  any  desired  posi- 
tiou  with  relation  to  the  apparatus. 

81.  Ttae  BartoD  pendulaiii  eKpeiimentaa^The  last  determi- 
nation of  the  mean  density  of  the  eailh  which  it  is  necessary  to 
mention,  is  that  resulting  from  the  experiments  undertaken  by  the 
Astronomer  Roy<d,  3Ir.  Airy,  at  the  Hartoii  Colliery,  near  South 
Shields,  in  the  month  of  October,  1 8  54.  It  would  be  out  of  place 
here,  however,  to  give  a  lengthened  detail  of  the  various  methods 
adopted  in  carrj'ing  out  this  important  experiment,  a  general  and 
concise  outline  only  must  therefore  suiHce. 

The  obHer\ation«  at  the  mine  consisted  of  accurately  noting  simul- 
taneously at  two  Ptations,  the  vibrations  of  an  invariable  pendulum 
in  comparison  with  the  vibrations  of  a  clock  pendulum  placed  im- 
mediately behind,  one  station  being  on  the  eurface  in  a  building 
prepared  for  the  occasion,  and  the  other  almost  vertically  below,  at 
A  depth  of  about  1 260  feet,  the  object  being  to  sscertain  the  differ- 
ence of  the  force  of  gravity  acting  on  the  two  detached  peadulums. 

For  this  purpose^  the  detached  pendulum  was  suspended  on  a 
firm  iron  stand,  by  means  of  &  projecting  piece  of  hard  steel,  one 
edge  of  which  is  ground  to  a  hnife-edge,  resting  on  planes  of 
polished  agate.  Fricrinn  is  thus  nenriy,  if  not  altogether,  avoided. 
Behind  tlie  pendulam  the  clock  was  plared.  A  small  inclined  disk 
covered  with  gold  leaf,  tmd  illuminate<l  hy  a  lamp^  was  fixed  to 
tlie  bob  of  the  clock  pendulum.     This  disk  waa  viewed  at  a  short 
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distance  by  raeaas  of  a  telescope.  Immediately  in  front  of  tlifl 
disk  a  long-  narrow  tail  projecting  from  the  bob  of  the  detached 
pendulum  was  suspended,  the  disk  h&ing  invisible  when  botli 
pendulums  were  in  a  rerticftl  position.  If  the  clock  penduliun 
were  made  to  vibrate  while  the  detached  pendulum  was  at  rest,  its 
disk  would  be  se^n  on  both  sides  of  the  pendulum  tail,  A  pair  of  ^ 
cheeks  was  attached  to  the  cloek-case  between  the  two  pendidmns, 
baring  an  opening  between  them  which  admitted  of  adjujtTnent. 
When  the  detached  pendulum  was  BtLll  at  Teat,  the  cheeks  were 
moTed  towards  the  centre  till  the  vibrating  di^k  could  not  be  seem 
past  the  edges  of  the  pendulum  tail;  when  this  was  done  satis-' 
factorily  the  apparatus  was  ready  for  use.  Supposing  the  two 
pendulums  atb  both  vibrating: ;  if  they  do  not  pass  the  vertical 
positions  at  the  same  time,  the  pendulum  tail  does  not  cover  the 
opening  between  the  adjustable  cheeks  at  the  instant  when  the 
disk  is  passing,  which  is  therefore  visible  to  the  observer.  When 
tbey  pass  together  the  disk  cannot  be  seen,  the  two  pendulums  being 
in  coincidence.  The  exact  times  of  successive  coincidences  wem 
observed,  from  whicb  could  easily  b©  inferred  the  rate  of  one  pendu- 
lum over  the  other.  These  observations  were  made  simultaneously 
«t  tlie  upper  and  lower  stations  on  precisely  the  same  system- 
Having  thus  obtained  the  rate  of  each  detacbed  pendulum  in 
comparison  with  its  own  clock,  it  was  necessary  that  the  compara- 
tive rates  of  the  two  clocks  should  be  determined  with  the  greatest 
accuracy.  This  was  effected  by  means  of  galvanic  signals,  a  com- 
munication being  made  between  the  two  stations  by  wires  passing 
down  the  shaft.  A  galvanic  needle  was  placed  near  each  clo<^- 
face,  so  that  each  signal  was  observed  at  the  same  instant  by  the 
two  obaervera.  From  these  comparisons  the  rate  of  one  dock  over 
the  other  was  easily  found,  and  also  the  comparative  rate  of  the 
two  detacbed  pendulimis. 

The  observations  were  completed  in  three  weeks,  the  detached 
pendulums  being  reversed  in  the  second  week  j  in  the  third,  the 
pendulums  were  interchanged  at  the  commeucement,  and  in  the 
middle  of  the  week,  forming  four  complete  scries  of  observations. 
To  eliminate  any  liability  of  error  which  might  arise  if  no  inter- 
change t^ook  place,  the  detached  pendulums  were,  therefore,  alter- 
nately mounted  at  the  npper  and  lower  stations.  Six  observers 
fi\>m  different  obsei-vatories,  imder  the  superintendanoe  of  Mr. 
Dunkin,  of  the  Royal  Observatoir,  gave  their  pei^sonal  assistance. 

A  careful  survey  of  the  neigblwuring  country  was  made,  sjs  well 
as  of  the  different  strata  which  composed  the  shell  between  the  two 
stations.  One  himdred  and  forti'-lwo  difR^rent  epecimena  were 
found,  and  the  specific  gravity  of  the  principal  determined. 

The  residt  of  the  experiment  gave  657  for  the  value  of  the  mean 
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density  of  the  earth  above  that  of  water.  This  result  w  much 
larger  tfafm  those  obtaiDed  from  former  researches,  but  the  Astro- 
nomer  Royal  considera  it  entitled  to  compete  with  the  othera  0%  at 
least,  eqiittl  terms. 


CHAPTER  V. 


APPARESnr   FORSt   AND  MOTlOSf  OF  THE   FfllMAMCKT. 

82.  Aspect  of  tue  amiaxii^iit*  —  If  we  examine  the  heavena 
with  attention  on  clear  starlight  nights,  we  shall  soon  be  struck 
with  the  fiict,  that  the  brilliant  objects  acattcred  over  them  in  axicb 
incalculable  numbers  maintain  constantly  the  Barae  relative  pod- 
tion  and  arrangement  E\*ery  eye  is  familiar  with  certnin  groupa 
of  fitars  called  constellations.  These  are  ncTer  observed  to  change 
their  relative  position.  A  dis|,mini  repreeenting  them  now  would 
equally  represent  them  at  any  future  time ;  and  if  a  general  map  be 
made,  showing  the  relatire  arrangement  of  these  bodies  on  any 
night,  the  same  map  will  represent  thera  with  equal  exactness  and 
fidelity  on  any  other  night  There  are  a  few,  among  many  thou- 
eands,  which  are  exceptions  to  this,  with  which,  however,  for  the 
present  we  need  not  concern  ourselves. 

83.  Tli«  celestial  bezalspHere.  —  The  impression  produced 
upon  the  sit^ht  ljy  these  objects  ia  that  they  are  at  a  vast  distance, 
but  all  at  the  same  distance.  They  seem  as  though  they  were  at- 
tached in  fixed  and  unalterRblo  positions  upon  the  surface  of  a  vast 
bemisphere,  of  which  the  place  of  the  observer  is  the  centre*  Setting" 
a«de  the  accidental  in  equalities  of  the  ground,  the  observer  seems 
to  stand  in  the  centre  of  a  vast  circular  plane,  which  is  the  base  of 
ibis  celestial  hemisphere. 

84.  Vorlson  mnd  xenttli.i  —  This  plane,  extended  indefinitely 
around  the  obsen^er,  meets  the  celestial  hemiapbero  in  a  circJo 
which  is  called  the  HoaizoK,  from  the  Greek  word  opi^*!}«  (orizein), 
to  termmate  or  bounds  being  the  boundary  or  limit  of  the  visible 
heavens. 

The  centre  point  of  the  visible  bemisphero  —  that  point  which 
ia  perpendicidsrly  above  the  observer,  and  to  which  a  plumh-iin© 
suspended  at  rest  wuuld  be  directed  - — is  called  the  Zenitg. 

85.  Apparent  rotation  of  tlie  firmament.  —  A  few  hours' at- 
tentive contemplation  of  the  firmament  at  night  nvill  enable  any 
common  observer  to  perceive,  that  although  the  stars  are,  rebitively 
to  each  other,  fixed,  the  hemisphere,  as  a  whokf  is  in  motion. 
Looking  at  the  zenith^  constellation  after  constellation  will  appear 
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to  pass  acroM  it,  liavinp  risen  in  an  oLlique  direction  finom  the 
honion  at  one  side,  and,  after  passing  tbe  zenith,  deacendrng  on 
the  other  eido  to  the  horiaon,  in  a  direction  stmihirlj  oMique. 
Still  more  careful  and  lonirer  continued  ohservation,  and  a  cora- 
pariaon,  80  far  as  can  be  made  by  the  eje^  of  the  dillerent  directions 
AUCcessively  aasuniod  by  the  soma  object^  creates  a  suspicion,  wliit*h 
every  additional  obaenatiun  atrengthens,  that  the  celestial  vault 
has  a  motion  of  bJow  and  uniform  rotation  Tound  a  certain  diameter 
B0  an  axis,  carrying  with  it  all  the  objects  visible  upon  it,  without 
in  the  leaat  deranging  their  relative  poaidona  or  disturbing  their 
arrangement . 

Such  an  impreasion,  if  well  foimded,  "would  involve,  as  a  neces* 
fiary  con.Heqnence,  that  a  certain  point  in  the  heavens  placed  at  the 
extremity  of  the  axis  of  its  rotation,  would  be  fixed,  and  that  all 
other  points  woidd  appear  to  be  carried  around  it  in  circles ;  each 
iuch  point  preserving  therefore,  oonstantly,  the  aame  distance  from 
the  pomt  thus  fixed. 

86.  Tlie  pole  ster.  —  To  verify  this  inference,  we  muat  loolc  for 
a  star  which  is  not  affected  by  the  apparent  rotation  of  the  heavena, 
which  affects  more  or  leas  every  other  star. 

Such  a  star  ia  accordingly  found,  which  ia  always  seen  in  the 
game  direction,  —so  far  at  leaat  as  the  eye,  unaided  by  more  accu- 
rate means  of  ohsen^ation,  can  detenuine. 

The  place  of  this  star  b  called  the  Pole,  and  the  star  is  called 
the  Poi:b  triJL 

87.  motation  proved  by  tnatronieiital  ottaerrmtloii.  —  Mere 
visual  obsen'atioH,  liowcver,  can  at  moat  only  supply  grouuda  for 
probable  conjecture,  either  m  to  the  rotation  of  the  sphere,  or  the 
position  of  its  pole,  if  such  mtatiou  take  place.  To  verify  this  con- 
jecture, to  det^j^miine  with  cerUinfy  whether  the  motion  of  the 
ephere  be  one  of  rotation,  and  if  so,  to  ascertain  with  precision  the 
direction  of  the  axis  roimd  which  this  rotation  takes  place,  its 
Telocity,  ajid»  in  fine,  whether  it  be  uniform  or  variable,  —  are 
problems  of  the  highest  importance,  but  whicli  are  altogether 
beyond  the  powers  of  mere  visual  observation  unaided  by  instru- 
ments of  precision. 

88.  Bxftct  dlreetfon  of  tbe  axis  and  paMltion  of  ttie  pole. — 
Suppose  a  telescope  of  low  magnifying  power,  f^iipplied  with  micro- 
metric  wires  (i  i),  to  be  directed  to  the  pole  stur,  so  that  the  star 
may  be  seen  exactly  upon  the  intersection  of  the  horizontal  and 
vertical  wires.  If  tliis  star  were  precisely  at  the  extremity  of  the 
axis  of  the  hemisphere^  or  at  the  pole,  it  would  reimain  permanently 
in  this  position  notwithstanding  the  rotation  of  the  tirmament. 
Such  is  not,  however,  found  to  be  the  case.    The  star  will  appear 
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to  moTe;  but  if  the  magnifyinff  power  of  tb©  telescope  be  low 
enough  it  will  not  lenve  the  field  of  view.  It  wiD  appear  to  moTd 
Id  a  Bmnll  circle,  the  diameter  of  which  ia  about  3".  The  telescope 
ma  J  be  so  adjusted  that  the  star  will  mov^  in  a  cirdo  round  the 
intersection  of  the  wires  as  a  centre,  which  would  be  the  tnie  posi- 
tion  of  the  Pole,  round  which  the  pole  star  i»  carried  in  a  circle,  at 
the  diflrtftnoe  of  iibout  i^%  by  the  rotatitm  of  lh«  sphere. 

89.  Sotatloii  of  finznunent  proved  by  eqaaitorlalk — Now,, 
to  establish,  by  meana  of  the  equiitorial,  the  faet  that  the  firma- 
ment reidlj  has  a  motion  of  apparent  rotation  with  a  velocity 
rigoroosly  uniform  round  the  axis,  let  the  telescope  be  firat  directed 
to  any  atar,  o,j%.  1 5|  for  example,  so  that  it  shall  be  «een  bisected 
by  the  middle  wire.  The  line  of  colli mation  will  then  be  directed 
to  the  star,  and  the  anjErle  ocn'  or  the  arc  on'  will  expreaa  the 
apparent  distance  of  euch  a  Btar  from  the  pole  p. 

Let  the  instrument  be  then  turned  upon  its  axis  from  east  to 
west  (that  ia,  in  the  aame  direction  as  the  rotation  of  the  fimia- 
ment),  through  any  proposed  angle,  aay  90^,  and  let  it  be  fixed  in 
that  position.  The  firiTiament  will  follow  it,  and  after  a  certain 
interval  the  same  star  will  be  seen  again  bisected  by  the  middle 
wire ;  and  in  the  same  manner,  whatever  be  the  change  of  position 
of  the  instrument  upon  its  axis*  provided  the  direction  of  the  tele- 
scope upon  the  arc  0  y',^g*  1 5,  bo  not  changed,  the  star  will  tdwaya 
arrive,  after  an  interval  more  or  less,  according  to  the  angle  through 
which  this  instrument  has  been  turned,  upon  the  middle  wire. 

It  follows,  therefore,  from  this,  that  the  particular  star  here 
observed  ia  carried  in  a  circle  round  the  heavens^  always  at  the 
same  distance,  ojp,  from  the  celestial  pole. 

The  same  ohtservations  being  made  ivith  a  like  result  upon  every 
Btar  to  which  the  telescope  ia  directed,  it  follows  that  the  motion 
of  the  timiamt^nt  is  such  that  all  objects  upon  it  describe  circles  at 
rif^ht  ang^lcs  to  its  axU,  each  object  always  remaining  at  the  same 
distance  from  the  pole. 

This  is  precisely  the  efFect  which  would  be  produced  by  the  ro- 
tation of  the  heavens  round  an  axis  directed  to  the  polo  from  the 
place  of  the  observer. 

But  it  remains  to  ascertain  the  time  of  rotation,  and  whether  the 
rotation  be  uniform. 

If  the  telescope  be  directed  as  before  to  any  star,  bo  that  it  shall 
be  seen  on  the  middle  wire,  let  the  instTument  he  then  tixed,  being 
detached  from  the  cloclc-work,  and  let  the  exact  lime  be  noted. 
On  the  following  night,  at  the  approach  of  the  same  hour,  the  same 
etar  will  be  seen  approaching  to  the  same  position,  and  it  will  Bt 
length  arrive  apun  upon  the  wire.  The  time  bebg  again  exactly 
observed,  it  will  be  found  that  the  interval  of  solar  time  wbicK 
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has  ekpeed  between  the  two  successive  piwsagesof  the  atar  OTer  the 
wire  is 

2}^  56"  4"09. 

Such  ie,  therefore,  the  solar  time  in  which  the  celestial  sphere 
makes  one  complete  Tevolution^  and  tliis  time  will  be  always  found 
to  be  the  some,  whatever  be  the  star  to  which  the  telescope  is 
directeil. 

To  prove  that  not  only  every  complete  revolution  is  performed  in 
the  same  tinie,  but  that  the  rotatioQ  diLriajj;  the  same  revolution  is 
uniform,  let  the  instrument,  after  being  directed  to  any  star,  be 
turned  in  the  direction  of  the  motion  of  the  sphere  through  any 
proposed  angle,  90°  for  example.  It  wJU  he  found  that  the  inter- 
val which  will  elapse  between  the  passage  of  the  atar  over  the 
wires  in  the  two  poeitiona  will,  in  this  case,  be  the  fourth  part  of 
23^  56""  4'  '09;  andj  in  goDeral,  whatever  be  the  imgle  through 
which  the  instrument  may  be  turned,  the  interval  between  the  pii3-» 
SAgea  of  the  same  star  over  the  wires  in  the  two  positions  will  beac 
the  same  proportion  to  23*  56°  4'  -09,  m  the  angle  bears  to  360^ 

It  follows,  therefore,  that  the  apparent  rotation  of  the  heavens 
is  rigorously  imifonn. 

It  will  be  observed  that  the  time  of  one  complete  revolution  it 
3"  S5"9J  1^^^  than  tweniy-four  houra,  or  a  common  day.  The 
cause  of  thia  difflerence  will  ha  explained  liei-eafter. 

90.  Sidereal  time.  —  The  time  of  one  complete  revolution  of  the 
Jinimment  is  called  a  sidereal  bat.  This  iutenvd  ia*  divided, 
like  a  common  diiv,  into  24  hours,  eoch  hour  into  60  niinutea,  and 
each  minute  into  60  peconda. 

Since  in  24  sidereal  hours  the  sphere  turns  through  360**,  and 
since  ita  motion  is  rigorously  uniform,  it  turns  through  I S'^  in  a 
ddereal  hour,  and  through  1^  in  four  sidereal  minutes. 

9 1 .  Tbe  same  api^iurent  motion  ob««rved  by  dar •  —  It  may 
be  objected  that  although  this  description  of  the  movement  of  the 
heavens  accords  *ith  the  appearances  during  the  night,  there  is  no 
evidence  of  the  contiuuiineo  of  the  same  rotation  during  the  day^. 
since  in  a  cloudless  firmament  no  object  is  visible  except  the  sun, 
which  bemg  alone  cannot  manifest  the  same  community  of  motioii. 
ad  is  exhibited  by  the  multitudinous  objects  wliicli,  being  crowded. 
60  thickly  on  the  finnameut  at  night,  move  too;ether  without  any 
change  in  their  apparent  relative  position.  To  this  objection  it 
may  be  answered  thut  the  moon  is  occasionally  seen  iu  the  day-time, 
as  well  08  the  aun  ;  and,  moreover,  that  before  sunset  and  after  sun- 
rise the  planets  Jupiter  and  Venus  are  occasionally  seen  under 
favourable  atmospheric  circumstances.  Besides,  with  telescopes  of 
autficient  power  properly  directed,  all  the  brighter  stars  can  be  die- 
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txDctl^  seen  when  not  situated  Terr  near  the  position  of  the  Bun, 
Now,  in  all  theee  caae^,  the  objects  thus  aeea  appear  to  be  carried 
rmiad  by  the  same  motion  of  the  firmament,  which  is  so  much  nlOl^e 
con^icuonAlj  manifeBted  In  the  abseDce  of  the  aim  and  at  night. 

92.  Certain  Hzed  points  and  circles  neeemamxy  to  ezpreu 
tbe  position  of  otijects  on  tho  lieBTen*,  — It  will  greatly  con- 
tribute to  the  facility  and  clearness  with  which  the  celestial  pheno- 
mena and  their  caufiea  shall  be  understood  if  the  student  wiE  impresa 
upon  his  memory  the  names  and  poaitiona  of  certain  fbced  pointSf 
lines,  and  circlea  of  the  celestial  sphere,  by  reference  to  which  the 
poaition  of  objects  upon  it  are  eipressed.  Without  incumbering 
him  with  a  more  complex  nomenclature  than  is  indispensably  neeea- 
8«ry  for  this  purpose,  we  shall  therefore  explain  some  of  the  prin- 
cipal of  these  landmarks  of  the  heayens. 

93.  Vertical  otrcles,  xenitii,  and  nadir.— If  from  the  place 
of  the  observer  a  atraig^iit  line  be  imagined  to  be  drawn  perpendi- 
cular to  the  plane  of  the  horixon,  and  to  he  continued  indetinitely 
both  upwards  and  downwards^  it  will  meet  the  riaible  hemisphere 
at  ita  vertex,  the  Zenith,  and  the  inTiBible  hemiBphere,  which  ia 
under  the  plane  of  the  horizon,  at  a  coireBponding  point  called  the 
Kabib. 

U*  a  plane  be  supposed  to  pasa  through  the  place  of  the  observer 
and  the  zenith,  it  will  meet  the  celeetial  surface  in  a  series  of  pointa, 
forming  a  circle  at  right  anglea  to  the  horizon.  Such  a  circle  ia 
called  a  vertical  ciecle,  or,  shortly,  a  VERncAl. 

If  thia  plane  be  auppoaed  to  be  turned  round  the  line  pasgmg 
upwards  to  tbe  zenith,  it  will  assume  successively  every  diiectiou 
round  the  observer,  and  will  meet  the  heavens  in  every  possible 
vertical  circle. 

The  vertical  circles,  therefore,  all  intersecting  at  the  zenith  as  a 
common  point,  divide  the  horizon  as  the  divisions  of  the  hours  and 
minutes  divide  the  dial-plate  of  a  clock, 

94.  Tli«  oelesti&l  meridian  and  prime  vertical. —  That  ver- 
tical which  pas^jps  through  the  celestial  pole  is  called  the  Mehoian^. 

The  meridian  is,  therefore,  the  only  circle  of  the  heavens  which 
fiassea  at  once  through  the  t^'o  principal  £xed  points,  the  pole  and 
the  zenith. 

It  divides  the  visible  hemisphere  into  two  regions  on  the  right 
and  left  of  the  observer ;  as  he  looks  to  the  north,  that  which  is  on 
hia  right  being  called  the  Eastern,  and  that  which  ia  on  his  left 
the  Westebk. 

Another  vertical  at  right  anglea  to  the  meridian  is  called  the 
PHIME  VERTICLL.    This  is  comparatively  little  used  for  reference. 

95.  Cardinal  points,  ^ — The  meridian  and  prime  vertical  divide 
the  horizon  at  foiu*  points,  eq^ually  distant,  and  therefore  a^^^aEoJbe^ 
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bj  ares  of  go°.  These  points  are  called  tlio  carphtal  points.  Those 
formed  bj'  tlie  interBection  of  the  meridiaji  with  the  horizon  are 
called  the  North  and  Soitth  points,  that  which  ia  nearest  to  the 
visible  pole  in  the  northern  hemisphero  heitig  the  north.  Those 
formed  by  the  intersection  of  the  prime  verticjtl  with  thu  horizon 
are  called  the  East  and  West,  that  to  the  rig^ht  of  an  obsenTr 
lofiking^  towards  the  north  being  the  east. 

The  cardinal  points  correspond  with  those  marked  on  the  card  of 
a  mariner's  eompafis^  allowance  being  niadu  for  the  variation  of  the 
redUe, 

96.  TUe  axlmutu, —  The  direction  of  an  'jbject,  whether  ter- 
restrial or  celestial,  in  refei-eiice  to  the  curdinal  pointa,  or  to  the 
plane  of  the  meridiaa,  ia  called  its  ^iauttrEn.  Thus  it  ia  said  to 
have  BO  many  de^es  of  azimuth  eaet  or  west,  according  oa  the 
vertical  circle,  whose  plane  pasaea  through  it,  forma  that  angle  eaat 
or  west  of  the  plane  of  the  meridian. 

97.  Xenltb  distance  and  altitude.  — It  is  dwaja  possible  to 
concei\'e  a  vertical  circle,  which  shall  pasa  through  aoy  proposed 
object  on  the  heavens.  The  arc  of  Buch  a  circle  between  the  zenith 
and  the  object  is  called  its  Zenith  DisTA3fCE. 

The  remainder  of  the  quadrant  of  the  vertical  between  the  object 
and  the  horizon  ia  called  its  ALTriruE. 

It  19  evident,  thereftire,  that  the  altitude  of  the  zenith  is  90*, 
and  the  zenith  distance  of  every  point  on  tbe  horizon  is  also  90''. 

The  arc  of  the  meridian  between  the  zenith  and  the  pole  is  the 
senith  distance  of  the  pole,  and  the  arc  of  the  meridian  between  the 
pole  and  the  horizon  is  the  altitude  of  the  ]K>le. 

98.  Celestial  eQnator.  —  If  a  plane  he  imagined  to  pass  through 
the  place  of  the  ob^^scrver  at  right  ^mglea  to  the  axis  of  the  sphere, 
and  to  be  continued  to  the  heavcna,  it  will  meet  the  surface  of  the 
celestial  vault  in  a  circle  which  shall  be  90^  from  the  pole,  and 
which  will  divide  the  spbere  into  two  heniiapherea,  at  the  vertex 
of  one  of  which  ia  the  visible  or  north  pole,  and  at  the  vertex  of 
the  other  the  invisible  or  south  pole. 

This  circle  ia  calkHl  the  cexestiai  EUtTATOR. 

The  several  fixed  points  and  circles  described  above  will  be  more 
clearly  conceived  by  the  aid  of  the  dingram,^^.  28,  where  0  is  the 
place  of  the  observer,  z  the  zenith,  p  the  pole,  5  z  p  n  the  visible,  and 
epsv  the  invisible  hidf  of  the  meridian  j  9  e  n  w  is  the  horizon  seen  by 
projection  as  an  oval,  being,  however,  really  a  circle  ;  ir  and  8  are 
the  north  and  south,  and  £  and  w  the  east  and  west  cardinal  points. 
The  points  of  the  several  circles  which  are  below  the  horizon;  are 
diatingujshed  by  dotted  lines.  The  celestial  equator  is  reprejseuted 
at  M  Q,  >^<^  "th^  prime  vertical  at  z  w  e  Zj  both  being  looked  at 
edgewise. 
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A  plane  v  n,  drawn  through  the  north  cardinal  point,  cuts  off  a 
portion  of  the  sphere,  having  the  visible  pole  x  at  its  centre,  all  of 


which  is  above  the  horizon ;  and  a  corresponding  piano,  fiSj  through 
the  Bontfa  cardinal  point,  cuts  oft'  a  part,  leaving  the  in^-isible  pole 
at  its  centre,  all  of  which  is  below  the  horizon. 

99.  Apparent  motion  oftbe  celestial  epbere. — Now,  if  the 
entire  sphere  he  imagined  to  revolve  on  the  line  po/>  through  the 
poles  as  a  fixed  axis,  making  one  complete  revolution,  and  in  such 
•  direction  that  it  will  pass  over  an  observer  at  0,  looking  towards 
K  from  his  right  to  his  loft,  carrying  with  it  all  the  objects  on  the 
firmament,  without  disturbing  their  relative  position  and  arrange- 
ment, we  shall  form  an  exact  notion  of  the  apparent  motion  of  the 
heavens.  All  objects  rise  upon  the  enstem  half,  sen,  of  the 
horison,  and  set  upon  the  western  half,  s  WN.  The  objects  which 
•le  nearer  to  the  vdsible  pole  P  than  the  circle  ny  never  set;  and 
those  which  arc  nearer  to  the  invisible  pole  p  than  the  cir(;le  s  8 
never  rise.  Those  which  are  between  the  equator  je  q  and  the 
circle  »  N  are  longer  above  the  horizon  than  below  it ;  and  those 
which  are  between  the  equator  2E  q,  and  the  circle  s  «  are  longer  below 
the  equator  than  above  it.  Objects,  in  fine,  which  are  upon  the 
equator  are  equal  times  below  and  above  the  horizon. 

When  an  object  rises,  it  gradually  increases  its  altitude  imtil  it 
xeaches  the  meridian.  It  then  begins  to  descend,  and  continues  to 
descend  until  it  sets. 
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BIUKKJU.  BOTATIOn   OF  THB  AARTH, 


1 00.  Apparent  diurnal  rotattcm  of  tbe  heavens  —  Its  pos* 
slble  causes.  —  The  appnrt'iit  diurnal  rotation  of  the  celestial 
sphere  being  such  as  has  been  explained,  H  remains  to  determm« 
what  is  the  real  motion  which  producps  it.  Xow  it  ia  demoDstrablo 
that  it  may  be  caused  indiflferentlji,  either  by  a  real  motion  of  the 
sphere  round  the  observer  con-espondlng  in  direction  and  velocity 
with  the  apparent  motion^  or  by  a  real  motion  of  the  earth  jn  the 
contrary  direction,  hot  with  the  same  anp^idar  velocity  up™  that 
diameter  of  the  grlob©  which  coincitiea  with  the  direcliim  of  the 
axia  of  the  coleetial  sphere,  an^  that  no  other  conceivable  motion 
■would  produce  that  apparent  rotation  of  the  heavens  whjch  we 
witnesjs.     Between  these  two  we  are  to  decide  which  really  exists. 

101.  Supposition  of  tbe  real  motion  of  the  universe  lnad« 
mlsslble.  ^ — The  Hxity  and  absolute  repoee  of  the  globe  of  tho 
earth  being  assumed  by  the  ancients  as  a  physical  maxim  whicb 
did  not  even  admit  of  being  questioned,  they  perceived  the  inevit- 
able character  of  the  alternative  which  the  apparent  diurmal  rota- 
tion of  the  heavens  impoBed  upon  them,  and  accordingly  embi^^ed 
the  hypothesis,  which  now  appears  eo  monstrous^  and  which  ia 
implied  in  the  term  tnnvEBSE*,  whiclt  they  have  bequeathed  to 
us. 

It  is  true  that  owing  to  the  imperfect  Imowledge  which  pre- 
vailed H3  to  the  real  magnitudes  and  distances  of  the  bodies  to 
which  this  common  motion  was  so  unhesitatingly  ascribed,  tbe 
improbability  of  the  supposition  woidd  not  have  seemed  so  groe^ 
as  it  doea  to  the  more  enlightened  inquirers  of  our  age.  Never- 
theless, in  any  view  of  it,  and  even  with  the  moat  imperfect  know- 
ledge, the  hypothesis  which  required  the  admiis^ion  that  the 
myiiada  of  bodies  which  appear  upon  the  firmament  should  have, 
bendea  the  proper  motions  of  sevtTal  of  them,  such  as  the  moon 
and  planets,  of  which  the  ancients  were  not  unawftr©,  motions  of 
revolution  with  velocities  «o  prodigious  and  so  marvellously  related 
that  all  should,  in  the  abort  interval  of  twenty-four  hours,  whirl 
round  the  axis  of  the  e*rth  x^-ith  the  unerring  harmony  and  regu- 
larity Decessary  to  explain  the  apparent  diurnal  rotation  of  the 
firmament,  ought  to  have  raised  serious  difficultiea  and  doubts. 


*  Uicr8»  o»<,  and  vsnauif,  turmn^t  or  rotationi. — turning  writh  one  common 
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But  with  the  knowledge  which  hns  heeu  obtamed  hy  the  lahoura 
of  modem  astTonomers  respectinf^  the  enormoua  ma^itudea  of  the 
priocipal  bodies  of  the  physical  imi  verse,  magnitudes  compared  with 
which,  that  of  the  glob©  of  the  earth  dwindles  to  a  mere  poiutt  and 
their  immense  distimces,  iinder  the  expreBSton  of  which  tho  very 
power  of  number  itself  olmoat  faHs,  recourse  to  colofiSAl  imita 
being'  necessary  in  order  to  enable  it  to  eiprees  even  the  smalleBt  of 
them,  the  hypothesis  of  the  iramoljility  of  the  earth,  and  the  diumal 
rotation  of  the  coimtlesa  orba  of  mRgnitudea,  so  unconctfivably 
fSJUmg  the  immensity  of  space,  onc«  every  twenty-four  hours  rotmd 
this  grrnin  of  matter  cooiposing  our  globe,  becomes  bo  ppeposterouB 
that  it  is  rejected,  not  &a  an  improbability,  but  as  an  absurdity  too 
gTOis  to  be  even  for  a  moment  seriously  entertained  or  discussed, 

I  oz.  SlmpllcltT  APd  IsitrloBlo  probaMU^  of  tHe  rotAMon  of 
tlie  eartba — But  if  any  ground  for  hesitation  in  the  rejection  of 
this  hypothesis  existed^  all  tioiibt  would  be  removed  by  the  simpU- 
dty  and  intrinsic  probability  of  the  only  other  physical  cause  which 
can  produce  the  phenomena.  The  rotation  of  the  globe  of  the  earth 
upon  an  axis  passing  through  ita  poles,  with  an  uniform  motion 
from  west  to  east  once  in  twenty-four  hoursi  is  a  supposition  against 
which  not  a  single  reason  can  he  adduced  based  on  improbability. 
Such  a  motion  eiplatus  perfectly  the  apparent  diurnal  rotation  of 
the  celestial  sphere-  Being  uniform  and  free  from  irregularities, 
checks,  or  jolts,  it  would  not  be  perceiyable  by  any  local  deran^- 
ment  of  bodies  on  the  surface  of  the  earth,  all  of  which  woidd 
participate  in  it.  Observers  upon  Ih©  surface  of  our  globe  would 
be  no  more  conscious  of  it,  than  are  the  voyagers  shut  up  in  the 
cabin  of  a  canal  boat,  or  traiisported  above  the  clouds  in  the  car  of 
a  balloon. 

105.  X>lreot  pr<»ofli  of  tbe  eartli'B  rotAtton.  —  Irresistible, 
nevertheless,  as  thia  logical  alternative  ia,  the  universality  and  an- 
tiquity of  the  belief  in  the  immobility  of  the  earth,  and  the  vast 
physical  impoitance  of  the  principle  in  question  have  prompted 
ioquirers  to  search  for  direct  proofs  of  the  actual  motion  of  the  earth 
upon  its  axis.  Two  phenomena  have  accordingly  been  produced 
aa  immediate  conclusive  proof  of  this  motion, 

1 04.  Proof  by  the  descent  of  a  body  ttttm.  a  sreat  bel^bt. 
—  It  has  been  shown  ( M,  1 80)  that  a  body  descending  from  a  great 
height  do&s  not  fall  in  the  true  vertical  line,  which  it  would  if  the 
earth  were  at  rest,  hut  eastward  of  it,  which  it  must,  if  the  earth 
have  amotion  of  rotation  from  weat  to  east. 

If  a  high  tower  or  steeple  be  erected  on  the  surface  of  the  earth, 
it  is  evident  that,  in  coosequenco  of  the  revolution  of  the  globe 
upon  it«  axis,  the  top  of  the  tower  will  be  moved  in  a  greater  diur- 
nd  circle  than  the  base  c^  being  more  diataat  fscnx^  ^^<^  (*am!Bv^scL 


L 


ASTRONOMY. 


oft!io" 


centre  round  wMcli  the  entire  world  in  moTed.  The  Utp 
tower,  therefore,  and  anything-  placed  upon  it^  has  a  greutcr  velo- 
city from  weat  to  ea&tj  which  ia  the  direction  of  the  earth's  rotatioui 
than  has  the  bottom. 

Now  if  we  imflrriue  a  heavTr'  ball  to  be  let  fall  from  the  top  of  the 
tower  towards  the  baj«e,  thia  ball  will  l>e  aflVctf^d  by  two  nn.itions : 
1st,  that  which  it  has  in  coDimon  with  the  top  of  tlie  tower  frfim 
we^  to  east,  in  virtue  of  the  earth's  diurnal  motion  j  and  ^ndly, 
that  vertical  uintioo  which  it  has  in  falling.  The  courije  it  will 
follow  will  therefore  depend  on  the  combination  of  these  two  mo- 
tions, and  it  will  atrike  the  gxoimd  ftt  a  point  east  of  that  which 
it  occupied  at  the  commencement  of  its  fall,  by  a  space  equal  to 
that  through  which  the  top  of  the  tower  ia  earned  durinjtr  the  time 
of  the  falL  But  dtuing  this  same  interval,  the  base  of  the  tmver  ia 
Also  moving  ejistwardj  but,  a&  has  been  explained,  through  a  lest 
apace. 

8ince  the  ball  ie  carried  eastward  through  the  space  through 
which  the  top  of  the  tower  is  moved,  while  the  hasc  of  the  k)wer  ia 
curried  eastward  through  a  less  space,  the  ball,  insitead  of  fidling^  at 
the  base  of  the  tower,  which  it  would  do,  if  there  wero  no  diunud 
totation  of  the  eai-th,  will  full  just  so  much  ea^t  of  the  base  as  is 
equal  to  the  ditTurence  between  the  motion  of  the  top  and  th* 
motion  of  the  bottoai  of  the  tower. 

This  will  be  rendered  more  intelligible  hyjfff,  29.,  in  winch  a  0 
may  be  supposed  to  represent  the  tower  at  the  moment  when  the 

ball  is  diaengEiged  from  a,  0 
being  the  centre  of  the  earth, 
to  which  the  vertical  line  a  c 
ia  directed.  Let  us  suppose 
that  ia  the  time  of  the  fall, 
the  earth  in  its  revolution 
moves  through  the  angle  c  0  C. 
Id  that  case  the  position  of 
the  tower  at  the  mnraent  the 
ball  comes  to  the  sui'faco  of 
the  earth  will  be  a'  c'.  The 
ball  meanwhile,  during  its  fall 
Tetainiiig  the  velocity  east- 
ward, which  it  had  at  the  mo- 
ment it  was  dismissed  from  a, 
will  fail  at  a  distance  east* 
wiirdof  0  equal  to  a  a'.  But 
since  a  a'  is  great c-r  than  c  c% 
the  distance  at  which  the  ball 
will  strilce  the  ground  eastwaird  of  t;  will  be  necessarily  greater 
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than  c  <f  by  the  difference  between  a  a'  and  c  c".  If,  tben, 
we  tiike  c  B  =  A  a\  B  will  be  tbtt  point  at  wbich  the  b^dl  will 
fctiike  the  ground,  the  tower  then  beiDg  in  the  posfitie^n  a'  c',  The 
distance  C  u  of  the  point  B  entstwfird  of  the  foot  of  the  tower, 
will  then  be  the  dilTerence  between  the  arc  described  by  the  top  of 
the  towtT,  and  the  arc  described  by  the  bottom  of  the  tower  in  tho 
time  of  the  fall. 

Since  the  distnnce  u  c'  must  necessarily  be  extremely  minute,  it 
might  be  supposed  that  such  an  experiment^  however  beautiful  in 
theory,  would  be  imp  met  i  cable,  the  quantity  which  would  indicate 
the  etTect  of  the  rotation  being  smaller  than  coidd  be  correctly 
measured.  The  experiment,  neverthelee,^,  waa  performed  with  some 
succesa  when  tiret  pwposed  on  the  leaninp"  tower  of  Bologna,  and 
luustdnce  been  repeated,  under  much  more  fftvourable  circiimstance^, 
and  with  result's  much  more  exnct,  by  M.  Reich  in  the  shaft  of  a 
mine  near  Freyberg.  Tbo  depth  of  the  shaft,  and  conseqiieDtly 
the  height  of  the  fall^  was  in  this  case  520  feet,  and  a  mi^an  of 
Beveral  experiments  showed  that  the  eastern  de'v^ation  amounted  to 
l*t  inch,  while  the  calculation  of  the  distance  eastward,  at  which 
the  boU  onght  to  have  f^dlen,  allowing  for  the  earth's  actual  rotu- 
lion,  was  I  "O86  inch.  The  difterence  between  the  result  of  the 
experiment  and  the  calculation  by  theory  was,  therefore,  less  than 
the  fieveutieth  part  of  an  inch. 

105.  ronoAult'a  experiizieiitia  Uliutratlons.  —  Tho  diurnal 
rotation  of  the  earth  could  obviousl}-  be  rendered  apparent,  provided 
any  line  or  plane  could  be  foimd  upon  the  earth's  surface  which 
would  not  participato  in  tho  motion  of  rotation,  ffincc  in  that  ce^ie 
the  relative  position  of  all  objectai  referred  to  such  line  or  plane, 
would  be  changed  from  hour  to  bour,  as  the  earth  turns  upon  ita 
axia.  It  is  upon  this  simple  principle  that  the  method  of  illustra- 
tion contrived  by  IM.  Leon  Foueaidt,  has  been  baaed.  As  this  ex- 
periment has  been  repeated  in  many  places,  has  excited  much 
attention,  and  hajs  been  the  subject  of  much  discussion,  it  may  be 
worth  while  to  develop  the  principles  upon  which  it  depends,  some- 
what fully. 

It  must  be  first  observed  that  the  rotation  of  a  pendulous  mass 
around  the  line  of  direction  of  the  string  by  which  it  issu-^peoded 
will  not  produce  any  change  in  the  plane  of  vibration.  This  may 
be  easily  proved  experimentally  by  imparting  to  the  point  of  sus- 
pension of  the  pendulum  a  rotatory  motion  by  which  the  wire  or 
string  suspending  the  pendulous  mass  can  be  made  to  revolve. 
Tlie  pendulum  being  put  in  vibration,  it  will  be  found  that  such 
motion  of  rotation  will  not  in  any  way  aflect  the  plane  of  its 
oscillation. 

If  we  suppose  a  pendidum  to  be  suspended  immediately  over  th^ 
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north  pole  of  tlie  eartli  and  put  in  vibratioDj^  tlie  plane  of  its  oscilla- 
tion will  not  1)B  aiFecled,  tlierefore,  by  tlie  rotation  wliieli  its  point 
of  fluflpeoeion  will  in  that  caae  have  in  common  witL  the  earth. 
The  earth  willj  therefore,  revolvo  nnder  the  pendulum  while  the 
plane  of  oscillation  retains  a  fixed  direction.  The  observer,  mean- 
while, being  uncoascioua  of  the  earth *s  rotation,  the  plane  of  oscilla- 
tion of  the  pendulum  will  appear  to  him  to  hare  a  motion  of  uni- 
form rotfltioo  round  the  axis  of  suspension,  one  coniplet*  rcTolution 
being  made  in  23**  56",  This  apparent  rotation  of  the  plane  of 
oscillation  will  moreover  take  place  in  the  same  direction  as  that 
in  whick  the  hand  of  a  watch,  would  move^  or  in  which  a  right 

hionded    &cn3w   would     be 
turned. 

Such  being  the  effect  ppo- 
duceii  upon  the  observer,  it 
ia  not  quite  correct  to  say 
that  this  experiment  renders 
risible  the  rotation  of  the* 
earth,  since^  in  fact^  it  doea 
not  render  that  phenomeuon 
more  visible  than  does  the 
apparent  rotation  of  the  fir- 
mament. In  the  one  caae, 
as  in  the  other^  an  apparent 
motion  is  perct'ived,  which 
is  produced  by  the  real  rota- 
tion of  the  earth ;  and  it  is 
only  by  the  result  of  reason- 
ing upon  the  phenomena  that 
the  observer  in  the  one  case, 
as  in  the  other,  arrives  at 
the  conclusion  that  the  ap- 
parent motion  which  he  sees 
is  an  optical  effect  canst'd  by 
the  real  rotation  of  the  earth, 
of  which  he  is  totally  un- 
conscious. 

The  first  experiments  on 

this  principle  made  by  M. 

Foucault,  took  place  in  the 

Pantheon  at  Paris.    An  iron 

Fig,  JO.  wire  about  2 1  o  feet  in  length 

WAS  attached  by  its  upper 

extremity  to  a  metal  plate  fixed  in  the  centre  of  the  cupola  of  the 

building.    It  supported  at  its  lower  extremity  a  Urge  and  ponderous 
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eopper  ball.  W]i*>a  this  fK^ndulum  waa  put  in  os^Uktion,  it  moved 
between  its  eztremfi  limits  very  slowly,  the  time  of  oscilltttion  being 
■botit  8  Beconds.  lo  order  to  render  more  sensible  the  rotation  of 
itiv  plaijeof  oacillfltion  rouud  the  aiis  of  the  pendtduuj,  little  inounda 
(if  MUid,  a,  n.Jiff.  30,  were  placed  upon  a  circle  fomjpd  round  the  asia 
of  oaciUatioB,  and  a  point  projecting  from  the  pondumne  ball  struck 
at  each  oscillation  the  ridge  of  this  mound,  thrgi^ing  off  a  smiiU 
portion  of  the  sand;  mid.  thxia  by  the  continued  motion  of  the 
plane  of  oscillation,  the  top  of  the  ridge  was  praduallj  cut  off, 
le«viiip  a  flat  surface  instead  of  an  an^Uar  edge  m  indicated  in 
the  figure.  On  starting  the  pendulum  it  wais  ot  great  importane© 
Uukt  at  the  commencement  it  ^liould  receive  no  lateral  motion,, 
and  that  it  should  be  merely  abandoned  to  the  action  of  gravity, 
without  any  other  diaturhing  force.  To  ensure 
this,  at  the  commencement  of  the  operation,  the  ^ 

pendulous  hall  waa  drawn  to  the  extreme  limit  ^j^.. 

of  ita  intended  range,  and  tied  there  hy  a  thread  \  %  Z*^ 

of  rilk,  b,Jiff.  31,  to  a  fixed  point.    It  was  started      \        X     ^ 
by  burning  the  eilk  by  means  of  a  match  or  taper,      f  ^k' 
at  a  pint  near  the  hall,  \ilF 

This  experiment  has  been  repealed  not  only  hy  pj^  j^_ 

M.  Foucault  himself,  hut  hy  many  other  observers 
in  different  part«  of  the  world,  and  though  it  has  not^  as  far  ab 
vre  are  infomiod,  been  continued  in  any  single  case  so  long  as  to 
idlow  the  plane  of  oscillation  to  malco  a  complete  revolution,  ita 
continuance  has  been  sutHcient  to  determine  the  angidar  velocity 
of  the  plane  of  oscillation, 

M,  FoucJAult  has  more  recently  contrived  another  form  of  experi- 
meutf  by  which  the  earth's  rotation  u  demonstrated  by  exhibit- 
ing^ another  apparent  motion  artifici^y  produced  hy  it.  This 
aeoond  experinient  is  founded  upon  a  principle  of  nieehanicsj^  in 
virtue  of  wMch  a  solid  body,  whose  fonu  is  symmetrirul  with  rela- 
tion to  a  porticidor  line,  receiving  a  motion  of  rotation  round  that 
line,  the  direction  of  such  axis  of  rotation  will  reumin  invariable 
whatever  motion  of  translation  may  he  imparted  to  the  rotating 
body.  If,  therefore,  it  can  he  so  contrived  that  a  body  shall  be 
thus  put  in  rapid  rotation  round  ita  axis  of  s^Tiimetry,  and  placed 
in  circumstances  so  as  not  to  be  dietiu-hed  by  the  force  of  gravity, 
this  body,  while  it  is  carried  round  with  the  diumrd  rotation  of  the 
eaith,  will  preserve  the  direction  of  its  axis  of  rotation  unchanged. 
li\Tule  the  direction  of  this  axis  therefore  is  fixed,  the  position  of 
all  bodies  round  it  being  continually  changed  by  the  rotation  of  the 
earth,  an  ohaerverj  unconscious  of  the  change,  will  refer  the  motion 
to  the  axis  itself  i  consequently  that  axis  will  appear  to  hare  eucb 
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a  motion  as  would  result  from  tlie  relAtion  between  the  bodiert 
moved  by  the  earth's  rotation,  and  ita  own  fixed  direction. 

M.  Foucaiilt  hvua  reaii&ed  tliia  by  nu  instrument  to  which  hft  has 
given  the  name  of  ffyrosc<ype.  A  heavy  metallic  ring  a  a^Jig*.  32 
nnd  33f  is  moimted  upon  ftn  axia  hh^  which 
u  fixed  to  ita  centre  and  perpendieular  to  ita 
lateral  faces.  This  di«k,  which  is  very 
maasive,  ie  so  formed,  that  its  matter  shall 
h&  principally  collected  round  its  circum- 
ference, the  central  part  being  comparatively 
light.  The  axis  h  hia  supported  at  its  two 
ei:tremitie&  by  two  pivots  round  which  the 
disk  a  a  can  turn  freely.  These  two  pivots 
are  formed  in  a  ring  c  e  furnished  with  two 
knife-edges  like  tha»e  upon  which  the  beam  of  a  balance  ia  aus' 
pended.  These  knife-edges  d  d  rest  in  cavities  formed  for  them  at 
two  opposite  points  of  the  vertical  ring  e  e.  This  ring  itself  is 
suspended  by  a  wire  of  some  length  which  allows  it  to  turn  freely 
round  the  vertical  lino  on  which  the  wire  is  directed ;  and  to 
prevent  the  wire  with  what  it  supports  from  receiving  a  pen- 
dulous motion  from  any  disturbing  cause,  the  ring  is  fiinii&hed 
below  with  a  fine  point,  which  enters  a  hole  large  enough  to  allow 
it  to  tuni  freely  without  friction.  This  mode  of  suspeaBinn  of 
the  disk  a  a,  and  the  axis  h  bf  which  is  united  with  it,  evidently 
allows  the  direction,  of  tho  axis  6  b  to  vary  in  all  possible  ways. 
By  making  the  ring  e  6  turn  round  the  vertical,  which  passes 
throut,^h  the  suspending  wire  and  through  the  inferior  point,  the 
axis  b  h  can  be  directed  in  any  vertical  plane  whatever-  la  like 
manner,  by  niakiug  the  ring^  c  c  turn  upon  the  knife-edges  d  d,  the 
iDclinatioii  of  the  axis  b  h  can  be  varied  at  will,  and  these  two 
motions  can  he  produced  without  any  sensible  variation  whatever. 
This  apparatus  has  been  conatracted  with  the  most  exquisite  de- 
|yr©«  of  perfection  by  M.  G.  Froment  of  Paris,  so  that  the  centre  of 
gravity  of  the  disk  o  a  is  precisely  upon  its  axis  of  rotation,  and  the 
centre  of  gravity  of  the  range  c  c  is  found  also  exactly  upon  the 
Axis  of  the  two  knife-edges  d  d.  It  follows  from  this,  Jird^  that 
gTRTih'  has  no  eflecfc  whatever  upon  the  motion  of  rotation  of  the 
disk  round  its  axis  of  svmmetry  ;  and  tecondlpf  that  it  cannot  in  any 
manner  tend  to  vary  the  inclination  of  the  axis  b  6,  by  making  the 
ring  c  c  turn  round  the  line  of  suaipenfiion  formed  by  the  knife-edges. 
To  perform  the  experimentj  the  part  of  the  apparatus  which  is 
represented  separately  in^ff.  32  ia  taken  off,  and  is  placed  on  a 
Difichine  ailapted  to  impart  to  the  disk  a  a  an  extremely  rapid  motion 
of  rotation  by  means  of  the  small- tootbed  pinion  0.    When  the 
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disk  ii  ihiis  put  in  rotation,  it  is  R^ain  placed  with  Ibe  rm(j;  cc  in 
the  positioa  iiidicaUKl  injuf.  33,    The  axis  66  having  thua  the  hori- 


Rontal  direction,  makes  an  mig\&  with  the  axis  of  the  earthp  njid 
will  cons^jut'utlj  appear  to  be  moved  round  this  line;  but  this 
Appfirent  motion  cao  only  be  produced  in  so  far  as  the  ring  c  c  tuma 
bv  degTe€a  round  the  knife-edges  rfrf,  and  at  the  Bame  time  the 
verticnl  ring-  *  e  turns  round  the  austaiiiing  wire.  Thia  last  moTe- 
nient  can  be  obaerred  by  the  aid  of  ft  micr03»cope  m  placed  near  the 
apparatus,  and  directed  to  a  sinitll  divided  plate  1  which  the  ring- 
e  e  carries.  The  divisions  of  thia  little  plate  pass  one  by  one  before 
the  micrometer  wires  of  the  microscope  absolutely  in  the  aame 
maimer  as  BtaiB  are  observed  to  pass  before  the  micrometer  wires 
of  an  aatronoroicttl  telescope, 
I  The  apparent  motion  is  obviously  due  to  the  rotation  of  the  earth 

L    " 
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referred  to  the  fixed  direction  of  tbe  axis  of  aymmetiy  of  the  rota- 
tingr  ring. 

I  o6.  Jkaml&fy  lupplies  eTld«iioci  of  tlie  «iirth'«i  rotatton.  ^» 

The  obvious  analogy  of  the  planets  to  the  uarth,  which  will  tippcar 
more  fiiOy  hereafter,  woidd  supply  strong  evidence  in  fiivour  of  the 
earth's  rotation,  even  if  positive  demonat ration  were  wanting.  All 
the  planets  are  glohes  like  the  earth  receiving  light  and  heat  from 
the  same  luminary,  and,  like  the  earth,  rerolnng  round  it  Now 
all  the  planets  which  we  h&Teheeo  enabled  to  observe  have  motions 
of  rotation  on  aie*,  in  times  not  vei^'  different  from  that  of  the 
earth. 

107.  Flg-ure  or  tlie  aartb  aiipplle*  aaotber  fii^oof. — Besides 
these,  it  has  been  shown  in  a  preceding  chapter  that  another  proof 
of  the  notation  of  the  earth  is  supplied  hy  a  peculiar  departure  from 
the  strictly  gluhular  form  (68). 

loB.  fioifr  tlaiis rotation  of  tlie  eaitb  explains  ttte  dlnmnl 
pbeaoBieEiA*  —  VkQ  ajre  then  to  conclude  that  the  eartb,  being  a 
globe,  has  a  motion  of  uniform  rotation  round  a  ceilain  diamei^r. 
The  universe  around  it  is  relatively  stationary',  and  the  bodies 
which  compose  it  being  at  diatiincea  which  mere  vision  cannot 
appreciate,  appear  as  if  they  were  situate  on  the  surface  of  a  vast 
celestial  sphere  in  the  centre  of  which  the  earth  revolves.  Thia 
rotation  of  the  earth  gives  to  the  sphere  the  appearance  of  revolving 
in  the  coutran^  direction,  as  the  progressive  motion  of  a  boat  on  a 
river  give8%)  the  banks  an  appearance  of  retrogressive  motion  ;  and 
since  the  appiirent  motion  of  the  heavens  is  from  east  to  west,  the 
real  rotation  of  the  earth  which  produces  that  appetu*ance  muj^t  be 
from  west  t^  easU 

How  this  motion  of  rotation  explains  the  phenomena  of  the  rising 
and  setting  of  celestial  objects  is  easily  imdei'stood.  .^n  observer 
placed  at  any  point  upon  the  surface  of  the  earth  is  carried  round 
the  axis  in  a  circle  in  twenty-four  hours,  so  that  ever)'  side  of  the 
celestial  sphere  is  in  succession  exposed  to  his  view.  As  he  is  carried 
upon  the  side  opposite  to  that  in  which  the  sun  is  plsji'ed,  he  sees 
the  starry  heavens  visible  in  the  absence  of  the  splendour  of  that 
luminary.  Aa  be  is  turned  grnduaUy  towards  the  side  where  the 
sun  is  placed,  Its  light  begins  to  appear  in  the  firmament,  the  dawn 
nf  morning  is  manifested,  and  thtj  globe  coutinuing  to  turn,  he  is 
brought  into  view  of  the  luminary  itself,  and  all  the  phenomena  of 
dawn,  morning,  and  sunrise  are  exhibited.  While  he  is  directed 
towards  the  side  of  the  tirmament  in  which  the  sim  is  placed,  the 
other  bodies  of  inferior  lustre  are  lost  in  the  splendour  of  that  lumi- 
niirv,  and  all  the  phenomena  of  day  are  exhibited.  When  by  the 
continued  rotation  of  the  glob©  the  observer  hegina  to  be  turned 
away  irom  the  direction  of  the  smi^  that  Itmdnjiry  declines^  and  at 
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length  disappeATS^  prodttcing  all  the  phenomena  of  eTening  and  sun* 
set. 

Such,,  in  general,  are  the  effects  which  would  attend  the  motion 
of  a  spectator  placed  upon  the  earth's  swrfoce,  and  carried  round  wnth 
it  by  it3  motion  of  rotation.  He  is  tho  spectator  of  a  gor^oud 
diorama  exhibited  on  a  vast  scale,  the  earth  which  forms  hia  atation 
being  the  revolving  stage  by  which  he  is  carried  round,  so  as  to  Tiew 
in  succession  the  spectacle  which  auirouuda  him- 

These  appearances  vary  with  the  pasitiou  assumed  by  the  observer 
on  thia  pevolviDg-  stage,  or,  iu  other  words,  upon  his  situation  on  the 
e&rthf  as  will  presently  appear. 

109.  Tlie  ecuth'a  axi«.— That  diameter  upon  which  it  is  neces- 
aary  to  suppose  the  earth  to  revolve  in  order  to  expliih)  the  pheuo- 
mena  is  that  whiL-h  p!i5s»3H  thrtm^h  the  terrestrial  poles. 

1 10.  Tla«  terreatrlai  equator,  poles,  aod  meridians*— If  the 
globe  of  the  earth  be  imagined  to  be  cut  by  a  pbine  passing;  through 
its  centre  at  right  angles  to  ita  axis^,  such  a  plane  will  meet  the 
surface  in  a  circle,  which  will  dEvirle  it  into  two  hemispherefi,  at  the 
fninunita  of  which  the  poles  are  situate.    This  t-ircle  in  called  the 

^rCARESTRlAC  EUUATOB. 

That  hemisphere  which  includes  the  Continent  of  Europe  ia 
called  the  koetheen  hemisphehEj  and  the  pole  which  it  iiieludcj? 
is  called  the  NoitiiiKiijr  terkkstbial  pole  ;  the  other  hemisphere 
tieiiig  the  southern  hemisphere,  and  including  the  aouTeERK 

XKttBBSTRlAL  POLE. 

If  the  surface  of  the  earth  bo  imu^ned  to  be  intersected  by  planes 

through  its  axia,  they  will  meet  the  euiface  incirclea  which, 

g  throuj^'^h  the  poles,  will  be  at  right  angles  to  the  eqiuilor. 

circlea  are  culled  TERHESiaiAL  3(ERXiJiAif!»,  and  ^411  be  seen 

ineated  on  any  ordiaary  terrestrial  globe. 

111.  Ziatitude  and  ionffltude.  —  The  poeitiuna  of  places  upon 
e  surface  of  the  earth  are  expressed  and  indicated  by  stating  their 

distance  north  or  »oulb  of  the  equator,  measured  upon  a  meridian 
passing  tbraiigh  them,  and  by  the  diataiice  of  such  meridian  eaat  or 
westofsomo  fixed  my  rid  inn  arbitnmly  selected,  sm-h  iij*  the  rm^- 
ridum  paaaing  tbmugrh  the  obt^ervatory  at  Greenwich.  The  fomit^r 
<iistanue,  eipresised  in  degrees,  minutes,  and  seconda,  i.«i  cnllcd  the 
Latitude,  and  the  latter,  similarly  expre^wed,  the  Longitcdb  of 
the  place. 

112.  fixed  mterldlaas  —  tboae  of  d^eeowlcb  and  Fails.  — 
As  no  natund  phenomenuu  is  found  by  which  a  Hxed  meridiaD  from 
which  longitude  iej  uieuAured  can  by  determined,  twtroimmers  and 
geographers  have  not  agreed  in  the  arbitrair  selection  of  one.     Tin* 

^^  jneridiana  of  the  trreenwich   and  I'sris  observatories  have  beeu 
^^fttakfi%  the  former  by  English,  and  the  latter  by  French  authorities, 
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M  the  startiflu-point  To  reduce  tlie  loDgitudcs  expreaeed  by 
I'ilher  to  the  other,  it  ia  only  necessary  to  add  or  subtract  the  angle 
under  tbt?  meridiftiifl  of  the  two  obserratorie^j  the  most  T<»ceDtdet^T- 
miflHtioo  of  which  has  beeo  nscertained  to  be  2'^  20'  g^'S*  *'^* 
meridian  of  Paris  being  eaat  of  that  of  Greenwich. 

113.  Mow  tbe  dlum&l  pbeooiaeBft  irarf  witb  the  lAtlttide. 
—  Let  8^  s%Jiff,  54,  represent  the  earth  euBpended  in  space,  ftur- 
roimded  at  an  immeasurable  distiince  bj  the  stellar  unirerse.  The 
magnitude  of  the  earth  being  absolutely  insignificant  compared 
with  the  distances  of  the  atAra,  the  aspect  of  these  will  be  the  lame 


Fi|.  1*. 


whether  they  are  viewed  from  any  point  on  its  surfHCCj  or  from  it« 
centre.     The  observer  may  therefore,  whatever  be  hia  position  <Jn 


<Jn        1 
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the  e&rtfa,  be  oonBidered  as  looking  from  the  centro  of  the  celestia] 
sphere. 

Let  us  suppose,  tn  the  first  plftce,  the  obserrcr  to  be  at  0,  a  point 
on  it«  surface  between  the  equator  M  and  the  north  pole  ft%  the  lati- 
tude of  which  will  therefore  be  11  ^,  and  will  be  uieasured  by  tho 
an^e  oc^  If  a  line  be  ima^ned  to  be  drawn  from  the  centre  c 
ttirough  the  plttce  0  of  the  obi^ervtr,  and  continued  upwards  to  the 
firmflLmeDt,  it  will  arrive  at  the  point  =,  which  is  the  zenith  of  the 
observer.  If  the  terrestrial  axis  a  N  be  imagined  to  be  continued 
lo  the  firm  anient,  it  wiM  arrive  at  the  north  celestial  pole  n  and  the 
south  celestial  pole  i.  If  the  plane  of  the  terrestrial  equator  J£  Q  be 
supposed  to  be  continued  to  thn  heavens,  it  will  intersect  the  surface 
of  the  celestial  sphere  at  the  celei^tial  equator  <py. 

The  observer  placed  at  0  vrill  jwe  the  tnilire  henuKphere  kzh*  of 
wbidh  hi4  zenith  z  ia  the  sumniit;  and  the  other  hemisphere  AjiA' 
will  be  invisible  to  him,  bein^  in  fact  concealed  from  Ms  view  hj 
the  earth  on  which  he  standa. 

It  is  evident  that  the  arc  of  the  heavens  sii  between  his  zenith 
*nd  the  north  celestiid  pole  conj^ista  of  the  same  number  of  degrees 
ii&  the  arc  OK  of  the  terrestrial  nieridiiui  between  his  place  of  ob- 
servation 0  and  the  north  terrestrial  pole  ».  The  zenith  distance 
therefore  of  the  visible  pule  at  any  place  ia  always  equal  to  the  actual 
distance  expressed  in  degrees  of  that  place  from  the  terrestrifd  pole, 
»u»d  m  this  distance  ia  t]m  complemejit  *  op  the  latittjue,  it 
follows  that  the  zenith  distance  of  the  visible  pole  is  the  comple- 
ment of  the  latitude,  and  that  the  altitude  of  the  visible  pole  la  equal 
to  the  latitude  of  the  place. 

J  14.  Metbod  of  flndlns:  tho  latitude  of  tbe  ptmoe. --  The 
latitude  4ifth^>  plsice  of  obseivHlirm  tuay  therefore  be  always  deter- 
mined if  the  altitude  of  the  eebistial  pole  eaji  bo  ubserved.  If  there 
wrL're  any  star  situate  precisely  at  the  pole,  it  would  therefore  bo 
suificient  to  observe  Its  idtitude.  There  is?,  however,  no  star  exactly 
at  the  ptile,  idthouph,  as  has  been  already  ohsei-ved,  the  pole  btak  is 
very  near  it.  The  altitude  of  the  pole  is  found,  therefore,  not  by  one, 
but  by  two  observations.  The  jvole  ntar,  or  nny  cither  star  situate 
near  the  pole,  is  carried  round  it  in  a  circle  by  the  apparent  diurnal 
motion  of  the  sphere,  and  it  necpssarily  crosses  the  meridian  twice 
in  eai'h  revolution,  once  abovt\  jind  once  helow  the  pole.  Its  altitude 
in  the  latter  position  is  the  ietfd,  and  in  the  former  the  greatest  it 
ever  has  ;  and  the  pole  itself  is  just  midway  between  these  two  ex- 
trenle  positions  of  th  is  circuinpolar  stai'.  To  tind  the  actual  altitude 
of  the  pole^  it  u  only  necessary  therefare  to  take  the  inemif  that  ia. 


•  Th«  complement  of  an  angle  or  arc  i«  that  nnmbpf  of  degrees  bj  whicli 
H  dlfierfi  from  90*^.    Tbus  3,0°  is  th«  com[>]rtmciit  af  60P. 
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luUfthe  sum  n{  these  two  extreme  altitudes.  By  making  tie  some 
olieervations  with  seyeral  circumpolftr  stars,  and  takings  a  mean  of 
the  whole,  still  greater  accuracy  niriy  be  attained. 

II  V  Poaltloa  of  celestial  eqaator  and  pal«tt  vuieft  wltti 
tbe  latltiLde,'—  Since  the  altitude  of  the  celestial  pale  ia  every- 
where eqiml  to  the  latitude  of  the  place,  and  ainco  the  poeition  of 
the  celestinl  equator  and  its  parallels  m  which  all  c;elesti^ll  ohjentd 
appear  to  he  moved  by  the  diuniid  mtalioiif  variei?  with  that  of  the 
pole,  it  ia  evident  that  tlie  celwtiftl  sphere  muet  present  a  dilleront 
appearance  to  tbe  observer  at  eveiy  different  latitude.  In  proceed- 
ing towards  the  terrestrial  pole,  the  celestial  pole  will  graduftlly 
approach  the  zenith,  until  we  arrive  at  the  terreetriiil  pole,  when 
it  will  actually  coincide  with  that  point ;  and  in  proceeding  towards 
the  terrestrial  equator  the  celestial  pole  will  grndually  descend 
towflfda  the  horiion,  and  on  aniying  at  the  Line  it  will  be  actually 
on  the  horizon. 

1 16.  Parallel  iphere  tees  at  tbe  polei. — Atthepolos^  there- 
fore, the  celestial  polu  beings  in  the  ):enith,  the  celestial  equator 
will  coincide  with  the  horizouj,  and  by  the  diurnal  motion  all  objeotA 
will  move  in  circles  parallel  to  the  horizon.  Every  object  will 
therefore  preserve  during  twenty-four  hours  the  same  altitude  and 
the  same  zenith  distance.  No  object  will  either  rise  or  set,  at  least 
»o  far  aa  the  diurnal  motion  ia  concerned. 

This  Afipect  of  the  lirmament  is  called  a  "BASALLEL  sfkesb,  the 
motion  being  p&rallel  t*>  the  horizon. 

117.  aig-lit  spMere  seen  at  tlie  eittitttor.^ — At  the  tcrreiitrial 
equator,  the  polea  beini^  tipon  thu  horizon,  the  axis  of  the  celestial! 
fiphere  will  coincide  with  a  li»e  drawn  upon  the  plane  of  the  horizon 
connecting^  the  north  and  south  points.  The  celestial  eqiator  and  its 
parallels  will  be  at  rig-ht  angles  to  the  plane  of  the  horizon ;  and 
flince  the  plane  of  the  horizon  pa^cs  thriiugh  the  centre  of  all  the 
paraUela,  it  will  divide  them  all  into  equal  aemicirclea. 

It  follows,  therefore,  that  all  objects  on  the  heavens  will  be  equal 
times  above  and  below  the  horizon,  and  that  they  will  rise  and  set  in 
planes  perpendicular  to  the  horizon. 

This  iiapectof  the  firmament  is  cdled  a  RioHt  Bi'QEBEj  the  diurnal 
motion  being  at  right  angles  to  the  horizon. 

118.  Oblique  sptiere  aeen  at  Intermediate  latltiideB.  —  At 
latitudes  between  tho  equator  and  pole,  the  celestial  pole  holds  11 
place  between  the  horizon  and  the  zenith  determined  by  the  l&titude. 
The  celefitittl  equator  ff  q^Jig.  34.J  and  its  parallels,  are  inclined  to 
the  plane  of  the  horizon  at  angles  equal  to  the  distance  of  the  pole 
fronr  the  zenith,  rmd  therefore  equftl  to  the  complement  of  the  la- 
titude. The  centres  of  all  parallels  to  the  celestial  equator  et  rj 
which  are  between  it  and  the  visible  pole  are  above  the  plane  of  the 
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hoHzoii,  botween  c  and  ?f,  and  the  rentrea  of  all  parallels  at  the  other 
(ride  of  the  e^juator  helow  it.  The  parallels,  audi  as  T  m'  and 
i  m,  will  therefore  be  r11  divided  unequiUly  by  the  plime  of  the 
horizon,  the  viaible  part  /'  K  being  jaTeftt*jr  tlian  the  inYisihle  part 
m'  K  for  the  former,  and  the  invisible  part  »» r  greater  than  the 
visible  port  /  r  for  the  latter. 

It  follows,  therefore,  that  all  objects  between  the  c^ileetial  equator 
**  q  and  the  itiaible  pcde  if  will  be  longer  above  than  below  the  ho- 
rizon, and  all  objects  on  the  other  side  of  the  equator  will  he 
longer  below  the  horixan  than  above  iU 

A  parailel  A'  fif  to  the  celestial  equator,  whoae  distance  fronj  the 
visible  pfile  h  equal  to  the  latituJf*,  w^ill  he  entirely  above  the  ho- 
rizon, juat  touching  it  at  the  point  under  the  visible  pole ;  and  a 
corresponding  parallel  h  k,  at  an  equal  distance  from  the  inviftible 
pole,  will  be  entirely  below  the  horizon^  ju^t  touching  it  at  the  point 
above  the  invisible  pole. 

All  parallels  nearer  to  the  viBible  pole  than  A'  f/  will  be  entirely 
above  the  horizon,  and  all  pandlela  nearer  to  the  tnviaihle  pole  than 
A  k  will  be  entirely  below  it. 

Hence  it  is  that,  in  European  latitudes,  st^ra  within  &  certain 
limited  distanco  of  tbi^  nortli  or  visible  celestial  pole  never  fiet»  and 
stars  at  a  corresponduoig  diatanee  &om  the  south  or  invisible  celeatial 
pole  never  riae. 

The  observer  can  only  see  these  by  going"  to  places  of  observation 
having  lower  latitudes. 

This  aspect  of  the  fimiament  is  called  an  oblique  sfkebe,  the 
diumal  motion  being  oblique  to  the  horizon. 

I  19.  Objects  in  cvlflstiml  equator  equal  timeft  a1>ov^  ajid 
l»elow  tiorlaoB.  —  "VMiether  the  sphere  be  rippht  or  oljlique,  the 
centre  of  the  celestial  equator  being  on  the  plane  of  the  horiaoo, 
one  half  of  that  circle  will  be  below,  and  the  other  above  the  horizon. 
Every  object  upon  it  will  therefore  be  equal  times  above  and 
below  the  horizon,  rising  and  setting  exactlj  at  the  east  and  west 
points. 

In  the  parallel  sphere,  the  celestial  equator  coinciding  with  thf* 
horizon,  an  object  upon  it  will  be  carried  round  the  horizon  by  the 
diurnal  rotation,  without  cither  rising  or  setting,* 

120.  Ittetbod  of  detenuliilDS  tbe  longitude  of  places.— 
This  perfect  uniformity  of  the  earth^a  rotation,  inferred  from  the 

•  The  teftcber  will  Bnd  it  advantagftous  to  exerrise  the  ttad«nt  in  tht  sub- 
ject of  tbe  precetling  pnrngraphs  nidetl  by  an  arrnillary  sphere,  or,  if  thai  l«» 
not  accegailile,  by  a  celestial  globe,  which  will  s-en'e  nearly  w  well.  Many 
qiieaiions  will  aug^eat  ihemseWcs,  arising  out  of  and  deducibte  from  what 
has  been  explained  abov«,  wJtti  r^pecC  to  the  various  altitudes  of  the  spbera 
in  different  ktitudes. 
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obeerved  imiforroitj  of  the  appanent  lotation  of  the  fimniroent,  » 
the  bflsifi  of  aJJ  roethodB  of  detcnniDinp  the  longitude.  The  longi- 
lud*j  of  a  place  will  be  determined  if  the  angle  under  the  meridian 
of  th©  place,  and  that  of  any  other  place  whost  longitude  is  known, 
can  he  foimd.  But  since,  by  the  uniform  rotalioa  of  the  globe,  the 
meridiooB  of  all  places  upon  it  are  brought  in  regular  fiucceaaion 
under  every  part  of  the  firmament,  the  momeuts  at  which  the  two 
Tneridianfi  paaa  under  the  saiDe  star,  or^  what  is  the  same,  the  mo- 
ments  at  which  the  mine  star  is  seea  to  pawover  the  two  meridiane, 
being  obsened,  the  intend  will  bear  ^e  earn©  ratio  to  the  entire 
time  of  the  earth's  rotation  as  the  difTereece  of  the  longitudes  of  the 
two  plftcea  bears  to  360**. 

To  make  this  more  clear,  let  ui  take  the  case  of  two  places  p  and 
V^,^.  55,  upon  the  equator.  If  c  be  the  centre  of  the  earth,  the 
angle  p  c  p'  will  be  the  difference  between 
^^^  the  longitudes,  Now,  let  the  tim©  be  ob- 
*  served  at  each  place  lit  which  any  parti- 
cular star  B  is  seen  upon  the  nieriilian.  If 
the  motion  of  the  earth  be  in  the  direction 
of  the  arrow,  tiie  meridian  of  p  will  come 
to  the  star  before  the  njeridian  of  p'*  This 
necessarUy  suppoat^a  p  to  bis  east  of  p',  since 
the  earth  revolves  from  west  to  east.  Let 
the  true  intenal  of  time  between  the 
passage  of  s  over  the  two  mt^ridians  be  ^, 
letT  he  the  time  of  one  complete  revolution 
of  the  g-lobe  on  its  axis,  and  let  l  be  tlie 
difference  of  the  longitudes,  or  the  angle 
r  c  P^'j  we  whidi  then  have 


Fif  jj. 


t:t  \\h\  360°, 
1.=— X  360", 

T 


But  in  the  practical  solution  of  this  problem  a  difficulty  is  presont<^d 
which  has  conferred  historical  celebrity  upon  the  question,  and 
caused  it  to  he  referred  to  as  the  type  of  all  difficult  enquiries.  It 
is  supposed,  in  what  has  just  been  eiplainedf  that  means  are  pro- 
vided at  the  two  places  P  and  p'by  which  the  absolute  momenta  of 
the  transit  of  the  ^tar  over  the  respective  nieridians  may  he  aacer- 
lained,  so  as  to  give  the  exact  interval  between  tliem.  If  these  times 
of  transit  be  observed  by  any  form  of  chronometer,  it  would  then  be 
Deceasaiy  that  the  two  chronometers  should  he  in  exact  atcordauce, 
or,  what  is  the  same,  that  their  eiact  difference  may  be  known. 
If  a  chronometer,  set  correctly  by  another  which  is  stationary  at 
one  place  p,  he  transported  to  the  other  place  p'^  this  abject  will  he 


pvK.  auL  'aic  »  j.«ir  3Cs^-iiL  sjiec  iiibiw  tarmc  av  tsmvts 


Hfalln«»  :'  J-zzI'-kt.  z'uzizzirzjk  '■■ii.-i  will  Iv  ».-«  :V.1>  a»';;ot\; 


«*»  K-.ruT 

Terr  np:d.  »5:-ri*  m=::i£*r  Ti:*aoa*i>cn  whioh  la*  Kvn  ^^:t^:  of 
grad  ntilitj  in  th-?  drtermiriiios  of  lie  loir^Iiudo.  i»,*|vv*.Aliy  tVr 
the  ^parprov*  rf  Tn^rls^rs.  Tables  *n?  caIouldi:M  ir.  whiv'h  :Kr 
hiocd's  ■pp*r*rt  distALces  fr."»a  the  sue.  and  n^jety  of  :ho  r.-..**: 
coDspicoous  nxrd  <tars.  are  fiTen  for  sh.-r:  inTerrAl^  of  tnv.o.  ^.r.a 
the  exact  times  at  Greeawioh  when  the  n'.*x-n  h**  thi^*  ti;*tAV.>v* 
we  gireiL  If  then  the  mariner.  oKsemn*:  with  pn^jvr  i:v«innwowt-* 
the  position  of  the  m«?on  with  ivlatioa  to  ihc*e  obvvt*,  vvniparw 
hi«  obfierred  distances  with  the  tables  which  ai«  »uppiii\i  10  him  in 
the  Xautieal  Almanac,  he  will  lind  the  time  at  lirtvnwioh  ivn>'!»- 
ponding  to  the  moment  of  his  observation ;  and  btMnc  alwav^t,  bv 
the  Qfrdinaiy  methods,  able  to  determine  bv  oWrvation  the  Kval 
time  at  the  place  of  his  observation,  the  ditlen*iuv  ihvoii  him  the 
time  required  for  a  star  to  pass  from  the  meridian  of  linvnwioh  to 

*  During  the  detennination  of  the  kmptndtf  of  th«  UUnd  of  VaWiioiA,  on 
the  western  coa«t  of  Ireland,  in  the  year  iS44*  which  ^ra*  (lerftnned  by 
tranaporting  a  connderable  number  of  chronometer*  l>etvrceti  lirvenwich  mid 
that  island,  it  was  found  that  the  elTect  of  travelUniron  {Ktcket  chnMtomeierk. 
carefully  packed,  was  to  cause  them  to  lose  0*7  per  day  over  their  slauouaiy 
mtes. 
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the  meridiau  of  the  plnc«  of  lii»  obeervalion,  or  vke  vend;  and  this 
time  gives  the  longitude,  fts  alrenily  expUined. 

Tliia  last  b  known  as  the  Linf  ab  method  of  BSrSBMiinFG  tee 
LoyorTrDE. 

In  practice,  many  details  are  necessary,  and  yarioiia  calculations 
nuist  be  made,  which  cannot  be  exphiined  here. 

12  2.  asetliod  liytbe  oleotrlc  t«lerTapb.  —  The  detennina- 
ijon  of  difierenct'S  of  longitude  hy  the  aid  of  ptlvanism,  when  the 
two  observing  stations  are  connected  by  a  line  of  electric  telegraph, 
haa  been  generally  adopted  since  the  year  iSjj.not  only  for  the 
fimplicity  of  the  method  of  obBer?ationr  but  for  the  great  accuracy 
of  the  reault  obtained,  A  galvanic  signal  is  transmitted  from 
one  station  to  the  otber,  causLng"  a  siinultjmeoua  deflection  of  a 
magnetic  needle  at  the  two  slationii,  the  exact  instant  of  which  is 
recorded  by  an  obBerver.  These  Bignala  ans  generally  continued 
through  an  interval  of  time  previously  agreed  upon,  which  in  most 
cases  is  one  hour.  To  destroy  the  effect  of  a  constant  error 
arising  from  the  retardation  of  the  galvanic  current,  which  would 
residt  if  all  the  Bignals  were  sent  from  one  stutiouj  it  is  the 
general  rule  that  during  the  tirat  quarter  of  an  hour  the  signala  are 
made  at  one  station,  as  at  Greenwich  for  instance  j  during  the 
second  quarter  they  are  transmitted  from  the  othej  fc1:ation,  such  a* 
Paris ;  in  the  third  quarter,  Greenwich  would  aignol ;  and  in  the 
la^t,  the  Bigiiala  would  he  received  from  Paris, 

The  true  sidereal  time  at  which  the  signal  waa  obs^eiTed  is  found 
by  carefidly  determining  the  error  of  the  clock  by  trajiaita  of  a 
series  of  special  stiirs  which  are  observed  if  poasible  at  the  two  ob- 
servBtories.  The  diiference  of  longitude  is  thus  ensily  obtained  by 
simply  talcing  the  difierence  between  the  sidereal  times  cttwespond- 
ing  to  the  respective  signab  observed  at  the  two  stations. 

In  observatories  which  have  fuiopted  the  chronographic  method 
of  recording  transits,  the  results  may  be  made  still  more  acciirnte  by 
a  simultaneouB  registration  of  the  ^vonic  signals  on  the  appamtua 
at  both  stations.  Owing,  how^ever^  to  the  dithculty  of  ohlaioing  n 
proper  apparatusj  this  method  has  noit  yet  been  generally  used^ 
though  a  successful  determination  of  the  difference  of  longitude  be- 
tween Greenwich  and  Edinburgh  baa  been  made, 

123.  Parallels  of  latitude. -^  A  series  of  points  on  the  earth 
wliich  are  at  equal  distances  from  the  equator,  or  which  have  thf 
same  latitude,  form   a  circle  parallel  to  the  equator,  called   a 

PAHALLKL  OF  I,ATITUDE. 

Thus  oil  places  which  have  the  same  latitude  are  on  the  same 
parallel 

All  places  which  are  on  the  same  meridian  have  the  some  longi^ 
tude. 
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AS^LTAL  MOnOZI  OF  TlIK  SARTH. 

Appar«Dt  motioii  of  ttte  suii  la  tbe  heavens. — Inde- 
itlv  of  tliu  motiou  which  the  sim  has  in  conimoii  with  the 
entire  firmament,  and  in  rii'tiie  of  which  it  mefi,  aarcends  to  the 
meridi/ui,  and  acts,  it  is  ob?*erved  to  chaoge  its  position  from  day  \o 
day  with  relation  to  the  other  celestial  objecta  among  which  it  ia 
placed.  In  this  respect,  therefore,  it  difi'ere  essentially  from  the 
BtarSf  which  nmintaln  their  relative  poaitioiie  for  mootha^  years, 
and  age^i  un&lt^red. 

If  the  exact  position  of  the  siin  be  obaerved  from  day  to  day  and 
from  month  to  mouth,  through  the  year,  with  reference  to  tht* 
stars,  it  will  be  found  that  it  has  an  apparent  motion  among  tbeni 
in  a  great  tdrcle  of  the  celestial  sphere,  the  plane  of  which  forms 
im  angle  of  23**  28'  with  the  plune  of  the  celestial  equator, 

125.  Ascertained  bj  tlie  transit  Inatrament  and  mnrftl 
circle* — Thia  apparent  motion  of  the  sun  vrtiB  aacertaiaed  with 
considerable  precision  before  the  invention  of  the  teleacope  and  the 
fiubsequent  and  consequent  improvement  of  the  inatrumenta  of 
observation.  It  miiy,  however,  be  made  more  deaily  nmmfest  by 
the  transit  instrument  and  iniind  circle. 

If  the  transit  of  the  sun  he  obeerved  daily  (28),  and  its  right 
aw^nsion  be  ascertained  (5 1 ) >  it  will  be  foimd  that  fifmi  day  to  day 
the  right  a3<;eusion  continually  iucreasea,  so  that  the  circle  of  de- 
clination (30)  passing  through  the  centre  of  the  sun  ia  carried  with 
the  aun  round  the  heavens,  making  a  complete  revolution  in  a  year, 
and  moving  constantly  from  west  to  east,  or  in  a  direction  contrary 
to  the  apparent  diiLrual  motion  of  the  firmament. 

1£  the  point  at  which  the  aim's  centre  crosses  the  meridian  daily 
be  observed  with  the  mural  circle  (34),  it  wiU  be  found  to  change 
from  day  to  duy.  Let  its  distance  fi-om  the  celestial  equator,  or 
ita  declination,  be  observed  (4.1)  daily  at  nooa  It  will  be  found 
to  he  nothing  on  the  zist  of  March  and  list  of  September,  on 
which  days  the  polnr  diHtance  of  the  «un*i  centre  will  be  therefore 
90°*  The  sun's  centre  is,  then,  on  these  days,  in  the  celestial 
equator.  After  the  2 1st  of  March  the  aun'a  centre  will  be  north  of 
the  equator,  and  ita  declination  will  continually  increase,  until  it 
becomes  23°  28'  on  the  2 1  st  of  June.  It  will  then  begin  slowly  to 
decreiiae,  and  w  ill  continue  to  decrease  until  the  2 1  st  of  September, 
w*hen  the  centre  of  the  buu  will  again  be  in  the  equator.  Aft-or  that 
it  will  pas3  the  meridian  south  of  the  equator,  and  will  consequently 
have  60  uth  declination,    Thia  wiH  increase,  until  it  becomea  23^28' 
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on  the  z  I  at  of  Decttmlier ;  after  wbicli  it  will  decrease  imtil  the 
centre  of  the  sun  retumu  ta  tb6  equator  on  the  2l3t  of  March. 

Bj  aaceitainrng  the  poBition  of  the  centre  of  the  sun's  disk  from 
day  to  day,  by  meAna  of  its  rijfht  asceodoa  and  declinatioti  (42), 
and  traeing  ita  couraa  upon  the  auiface  of  a  celestial  glohp,  its  path 
id  proved  to  be  a  great  circle  of  the  heavens^  inclined  to  the 
e^juator  at  an  an^le  of  23*'  z8\ 

126.  Ttae  «olJptle. —  Thia  great  circle  in  which  the  centre  of 
the  disk  of  the  sun  thus  appears  to  moTC,  eompleling  its  revolution 
in  it  io  a  year,  is  called  the  ecliptic,  because  solar  and  lunar  eclipaea 
can  never  take  place  t?icept  when  the  moon  ia  in  or  very  near  it* 

127.  Tlie  eqnlnoxlal  fvolntB, — The  ecliptic  intellects  the 
celestial  equator  at  two  pointy  dianii^trieally  opposite  to  each  other, 
dividing  the  equator,  and  being  divided  by  it  into  equal  part«. 
The«e  are  f-alled  th^  EatJiNoiiAL  PODfxa,  because,  when  the  centre 
of  the  fiolar  disk  arrives  at  them,  being  then  in  tlio  oeleetial 
equator,  the  sun  will  be  equal  times  above  and  below  the  horizon 
(1  ig),  and  the  days  and  nights  will  be  equaL 

128.  Tlie  vernal  and  antnnmal  efininoxes. — ^The  cqninoxiat 
poiat  at  which  the  aun  passea  from  the  Bnuth  to  the  north  of  the 
celestifd  equator  is  called  the  vkrxal.  and  that  at  which  it  pastes 
from  the  north  to  the  pouth  ia  called  the  auhjmnal,  equinoxial 
point  The  times  at  which  the  centre  of  the  mn  is  found  at 
these  pointa  are  called,  reapectively,  the  thilnal  and  AUTUMifAL 

The  vernal  equinox,  therefore j  takes  place  on  the  zist  of  March, 
wad  the  autumnal  on  the  2 let  of  September. 

129-  THe  »ea>oiis. — That  semicircle  of  the  ecliptic  tlurough 
which  the  mm  moves  &om  the  vernal  to  the  antumDal  equinox  is  ^H 
north  of  the  celeatitd  equator  j  and  during  that  inter\'al  the  aun  ^| 
will  therefore  be  longer  above  than  below  the  horizon,  and  will 
fam  the  meridian  above  the  equator  in  places  having  north  lati- 
tude. The  days,  therefore,  during  that  half-year  wiU  be  longer 
than  the  nighta. 

That  semicircle  through  which  the  centre  of  the  sun  moves  from 
the  autumnal  to  the  vernal  equinox  being  south  of  the  celestial 
equator,  the  sun,  for  like  reuiiona,  will  during  that  half-year  be 
longer  below  than  above  the  horizon,  and  the  days  will  be  shorter 
than  the  nights^  the  suu  rising  to  a  point  of  the  meridian  below 
the  equator. 

The  three  months  which  aucceed  the  vernal  equinox  are  called 
BPRtKO,  and  thos^  which  precede  it  winter  ;  the  three  months 
which  precede  the  autumnal  equinox  are  called  suMKEit,  and  thoae 
which  gucceed  it  ATprnatF. 
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I  $a.  Ttm  MlstfoM.— Those  points  of  the  ecliptic  which  are 
midway  between  the  equinoxial  points  are  the  most  distant  from 
the  oelettial  equator.  The  szos  of  the  ecliptic  between  these  points 
and  the  eqninoxial  points  are  therefore  90**.  These  are  called  the 
aouxiTLLL  POINTS,  and  the  times  at  which  the  centre  of  the  solar 
disk  passes  through  them  are  called  the  solstices. 

Hie  summer  solstice,  therefore,  takes  place  on'  the  21st  of  June 
and  the  winter  solstice  on  the  2 1  st  of  December. 

This  distance  of  the  summer  solstitial  point  north,  and  of  the 
wintar  solstitial  point  south  of  the  celestial  equator  is  23°  28'. 

The  more  distant  the  centre  of  the  sun  is  from  the  celestial 
eqnatoT,  the  more  unequal  will  be  the  days  and  nights  (108),  and 
oonsequently  the  longest  day  will  be  the  day  of  the  summer  solstice, 
and  the  shortest  the  day  of  the  winter  solstice. 

It  will  be  eyident  that  the  seasons  must  be  reversed  in  southern 
latitndfis,  since  there  the  visible  celestial  pole  will  be  the  south 
pole.  The  summer  solstice  and  the  vernal  equinox  of  the  northern, 
•re  the  winter  solstice  and  autumnal  equinox  of  the  southern  hemi- 
i^hersk  Nevertheless,  as  the  most  densely  inhabited  and  civili8e<l 
parts  of  the  g^obe  are  in  the  northern  hemisphere,  the  names  in  rif- 
fersnoe  to  the  local  phenomena  are  usually  preserved. 

131.  The  sodlee. — The  apparent  motions  of  the  planets  are 
indnded  within  a  space  of  the  celestial  sphere  extending  a  few  de> 
grees  north  and  south  of  the  ecliptic  The  zone  of  the  heavens  in- 
dnded within  these  limits  is  called  the  zodiac. 

132.  The  alffiia  of  the  sodlao. — The  circle  of  the  zodiac  U 
divided  into  twelve  equal  parts,  called  signs,  each  of  which  there- 
fine  measures  30^  They  are  named  from  principal  constellations, 
or  groups  of  stars,  which  are  placed  in  or  near  them.  Beginning 
firom  the  vernal  equinoxial  point  they  are  as  follows:  — 


ff.  ArtM(th«nTn)  - 
a.  Tuinit  (the  bull) . 
f,  Genlni  (the  twins) 
4.  CuMr  (the  crab)  • 

tLeo  (the  lioD) 
Virgo  ( the  vlrgiD) 


7.  Libra  (the  bft1iinci>)         -  -  ^it 

8.  St-orpin  (the  icorpinn)     •  •  VI 

9.  SagUturiut  Uhe  vrher)  •  -  ^ 
to  Capricdrniia  (the  K(Mt>  -  -  "Vf 
II  Aquxriut  (the  WHieriniin)  •  SS 
II.  PiMc*  (the  flthn)            -  .  ^ 


Thus,  the  position  of  the  vernal  equinoxial  point  is  the  fibst 
POim  OF  ABIES,  and  that  of  the  autiminal  the  first  point  of 
IJBRi.  The  summer  solstitial  point  is  at  the  fibst  point  of  cancer, 
and  the  winter  at  the  first  point  of  oafbicorn. 

133.  The  tropics. — The  points  of  the  ecliptic  at  which  thn 
centre  of  the  sun  is  most  distant  from  the  celestial  equator  are  alsti 
called  the  tropics, — the  northern  being  the  tropic  of  canceb,  and 
the  iouttiem  the  tropic  of  Capricorn. 
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This  term  tropic  is  also  applied  in  geop^aphy  to  those  parts  of 
the  earth  whose  diatances  from  the  terpeatrial  t^quator  are  equal  to 
the  greiiteat  distance  of  the  centTe  of  the  solar  disk  from  the  etdestiftl 
equator.  The  NOBTHEBJJ  TROPIC  is,  therefore,  n  parallel  of  latitude 
23*  28'  north,  and  the  aoutHERN  tropic  a  parallel  of  klitude  23** 
2B'  HOQth  uf  the  teiTestriid  equator. 

154.  Celestial  latitude  nod  longitude.  —  The  terms  latitude 
and  longitude,  a**  applied  to  objects  on  the  hoavens,  have  a  signi- 
ticittion  diflerent  from  that  g'lvtn  to  them  when  applied  to  places 
upon  the  earth.  The  latitude  of  an  ohject  on  the  heavens  means  its 
diwtanue  from  the  ecKptif,  measured  in  a  dirtt'tion  perpendicular  to 
the  ecliptic ;  and  hs  lorji^tude  is  the  arc  of  the  ecliptic,  between  the 
first  point  of  AAes  and  the  circle  which  meaiiurefl  its  latitude,  taken, 
like  the  ri>rht  a^^centsion,  acconlinj?  to  the  order  of  the  sig^s. 

ThuB  since  the  centre  of  the  sun  is  always  on  the  ecliptic,  it»  lati- 
tude in  always  o^.  At  the  vernal  eqnijiox  ita  longitude  is  0°,  nt 
the  summer  solstice  it  is  90°,  at  the  autumnal  equinox  180^,  and  at 
the  winter  eol'^ticG  Z/O^. 

135.  jtUmufrl  taotleu  of  tbe  earth, — The  apparent  annual 
motion  of  the  sun,  described  above,  is  a  phenomenon  which  can  only 
proceed  from  one  or  other  of  two  cau&ea.  It  may  arise  from  a 
real  annual  revolution  of  tbe  sun  ix)imd  the  earth  at  rest,  or  from  a 
real  revolution  of  the  earth  roiiud  the  sun  at  rest.  Either  of  these 
causes  would  explain,  in  an  equflUy  satisfactory  manner,  allthecip- 
cuiuiitancea  attending  the  apparent  annual  motion  of  the  sun  around 
tbe  finnament.  There  is  nothing  in  th«  appearance  of  tbe  sun  itaelf 
which  could  pive  a  greater  prohability  to  eitherof  theaehj'potheaea 
than  to  the  othen  H  therefore,  we  are  to  choose  between  them, 
we  must  geek  the  grounds^  of  choice  in  some  other  circumstances. 

It  wm  nut  until  the  revival  of  letters  that  tbe  annual  motion  of 
tbe  earth  was  admitted.  Its  apparent  etahility  ami  repose  were 
until  then  utiiversally  maintained.  An  opinion  so  long  and  so 
deeply  rooted  must  have  bad  some  nntural  and  intelligihle  grounds. 
Theae  prouDds,  uiidouhtedly,  are  to*  be  found  only  in  the  gBneral 
impn?pi*ionj  that  if  the  globe  moved,  and  especially  if  its  motion  had 
so  enormous  a  velocity  us  must  he  imputed  to  it,  on  the  supposition 
that  it  moves  annually  roimd  the  aun,  we  must  in  some  way  or  other 
Iw  sensible  of  such  movement. 

All  the  reason.'^,  however,  why  we  are  unconscious  of  the  real 
rotation  of  the  earth  upon  it«  axis  (102)  are  equally  applicahle  to 
fhow  why  we  must  ho  unconscious  of  the  progressive  motion  of 
the  eaith  in  its  annual  course  roimd  the  sun.  The  motion  of  the 
jjlobe  throuj^b  space  being  perfet;tly  stnooth  and  uniform,  we  can 
have  no  ftensible  means  of  knowing  it,  except  those  which  we  possess 
in  the  case  of  a  boat  moving  smoothly  along  a  iiTer:  tlint  ia,  by 
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Itioking  abrojid  nt  some  external  objects  wkich  do  not  participate  in 
the  motion  imputed  t/>  the  earth.  Now,  when  we  do  look  abroad 
at  such  objects,  we  tind  that  they  appear  to  move  exactly  aa  ata- 
tionarT  object*  would  nppetir  to  move,  seen  from  a  movable  etation. 
It  ia  plain,  then,  if  it  he  truo  that  th<?  eai-th  renllj  has  the  annaal 
motion  round  the  sun  which  ia  coDtended  for,  that  we  cannot  expect 
to  be  conscious  of  ihis  motion  from  anything- which  can  be  obaerited 
on  omr  own  bodies  or  thoBe  whicrb  surround  ua  on  the  8ur£Eu:e  of  the 
earth:  we  must  look  for  it  elsewlu^re. 

But  it  will  he  contended  that  tlie  apparent  motion  of  the  aim, 
even  upon  the  argument  just  Btated,,  may  eq^ually  bo  explained  by 
the  motion  of  the  earth  round  the  sun,,  or  the  motioa  of  the  sun 
round  the  earth ;  and  that,  therefore,  thifl  appearance  can  still  prove 
nothing  positively  on  this  question-  We  have,  however,  other 
prootjs,  of  a  very  decisive  character, 

Newton  showed  thai  it  waa  a  general  law  of  nature,  and  part, 
in  fact,  of  the  principle  of  gravitation,  that  any  two  globea  placed 
at  a  diBtance  from  each  other,  if  they  arts  in  the  first  instance 
quiescent  and  free,  must  move  with  an  accelerated  motion  to  their 
ci3mmon  centre  of  gravity,  where  they  will  meet  and  coalesce  ;  but 
if  they  be  projected  in  a  direction  not  paasiag  thnuigh  this  centre  of 
gravity-,  they  will  both  of  them  revolva  in  orbits  around  that  point 
periodically. 

Now  the  common  centre  of  gravity  of  the  eartli  and  sun,  owing 
to  the  immense  preponderance  of  the  mass  of  the  sim  (M.309  ),  is 
placed  at  a  point  very  near  the  centre  of  the  Bim.  Round  that,, 
point,  therefore,  the  earth  muat,  according  to  thia  principle, 
revolve. 

136.  BCotiioi]  of  Ilirbt  provea  tlie  antmal  jnotton  of  the  eartti. 
—  Since  the  principle  of  gravitation  itaelf  might  be  considered  aa 
more  or  less  hypothetical,  it  has  been  considered  deatrahle  to  find 
other  independent  and  more  direct  pr«Jofs  of  a  phenomouon,  so 
fundamentally  important  and  90  contrary  to  the  first  impre^tsiona  of 
mankind,  as  the  r*nolution  of  the  earth  and  the  quiescence  of 
the  aim.  A  remarkable  evidence  of  this  motioa  haa  been  accordingly 
diacovered  in  a  vast  Iwdy  of  apparently  complicated  phenomena 
which  are  the  immediate  eftecta  of  auch  a  motion,  which  could  not 
be  ejcplalned  if  tlie  earth  were  at  rest  and  the  aim  in  motion,  and 
which  would  be  inexplicable  on  any  other  auppoBition  save  the 
levolution  of  the  earth  round  the  sun. 

It  baa  been  ascertained  that  light  h  propagated  through  space 
with  ii  certain  great  but  definite  velocity  of  about  1 84,000  miles 
per  second.  That  light  haa  thia  velocity  is  proved  by  the  body  of 
optical  phenomena  which  cannot  be  explained  without  imputing 
to  it  lucb  a  motioDj  and  which  are  perjfectly  explicable  if  «ach  a 
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motion  be  admitted.  Independently  of  tbis,  another  demonstration 
that  ligM  moves  with  this  velo<!ity  ia  supplied  by  an  aetronomical 
phenomenon  which  will  be  noticed  in  a  subsequent  part  of  this 
Tolumo. 

137.  d&berratloD  of  llgtit.^ — Assuming-,  then,  the  velocitj  of 
ligrht,  and  that  the  earth  ia  in  motion  in  an  orbit  round  the  sun  with  u 
Telocity  of  about  19  mile.*!  per  second,  which  mu»t  be  it^  spued  if  it 
moTO  at  all,  as  will  hereafter  appear^  an  efFeet  would  be  produced 
ujwn  the  apparent  places  of  all  celestial  objects  by  the  combmation 
of  these  two  motions  which  we  sliall  now  explain. 

It  has  been  stated  that  the  apparent  direction  of  a  visible  object 
IS  the  direction  from  which  the  vissual  ray  ©ntera  the  eye.  Now 
this  will  depend  on  the  actual  directiou  of  the  ray,  if  the  eye  which 
receives  it  be  quiescent ;  hut  if  the  eye  be  la  motion,  the  same  effect 
ia  produced  upon  the  organ  of  sense  fta  if  the  ray,  beaidcs  the  motion 
which  ia  proper  to  it,  had  another  motion  equal  and  coutanry  to  th&t 
of  the  eye.  Thus,  if  liy^ht  moving"  from  the  north  to  the  BOUth  with 
a  velocity  of  184,000  nulea  per  second  be  struck  by  an  eye  moving 
from  weat  to  east  with  the  same  velocity,  the  effect  produced  by  the 
lig"ht  upon  the  orgiio  will  be  the  eame  &s  if  the  eye,  being  at  rest, 
were  struck  by  the  light  having  a  motion  compounded  of  two 
equal  motions,  one  from  north  to  south,  and  the  other  from  east 
to  west.  The  direction  of  thia  compound  eflbct  would,  by  the 
principles  of  the  composition  of  motion  (Majz),  bo  equivalent  to  a 
motion  from  the  direction  of  the  north -eaat.  The  object  from  which 
the  light  comes  would,  therefore,  he  apparently  di.«placed,  and 
would  be  seen  at  a  point  beyond  that  which  it  really  occupies  in  the 
direction  in  which  the  eye  of  the  obser\'er  is  moved.  This  displace- 
ment U  called  accordingly  the  ABEiiB^iTiON  op  mgut. 

This  may  he  made  stiH  more  evident  by  the  following-  mode  of 
illustration.  Let  0,^^.  36,  be  the  object  from  which  light  comes  in 
the  direction  0  o  e^\  Let  e  be  the  place  of  the  eye  of  the  observer 
when  the  light  is  at  o,  and  let  the  eye  be  supposed  to  move 
from  e  to  c''  In  the  same  time  that  the  light  move^  from  0  to  e". 
Let  a  straight  tube  he  imagined  to  be  directed  from  the  eye  at  e  to 
the  light  at  o,  so  that  the  light  shall  be  in  the  centre  of  its  opening, 
while  the  tube  moves  with  the  eye  from  0  e  to  o"  c"  maintaining 
constantly  the  same  direction,  and  remaining  parallel  to  it*«elf :  the 
light  in  TOO\dng  from  o  to  e^\  will  pass  along  its  axis,  and  will  arrive 
at  e''  when  the  eye  arrives  at  that  point.  Now  it  i&  evident  that 
in  this  c|ae  the  direction  in  which  the  object  would  be  visible, 
would  be  the  direction  of  the  aiis  of  the  tube,  so  that,  instead  of 
appealing  in  the  direction  0  o»  which  is  its  true  direction,  it  would 
appear  in  the  direction  0  0'  advanced  from  o  in  the  direction  of 
the  motion  e  c"  with  which  the  observer  ia  affected. 
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Tlie  motion  of  li^ht  being-  At  the  rate  of  1 84,000  milea  per 
second,  and  tliat  of  the  earth  (if  it  move  at  all)  at  the  rate  of  19 
inile»  per  !*ec«iid,  it  follows,  that  the  pro-       - 
portion  of  otr"  to  <!t"  must  be  184,000  to     \  \ 

19,  or  io»2oo  to  I.  \  \ 

The  ASOLE  OF  ABEKRATION  O  O  o'  wiU  VHTJ  \  \ 

with  the  oblii^iiity  of  the  direction  e  *?"of  the         \  \ 

observer  a  motion  to  tliat  of  the  visual  ray  *•  *! 

o*".     In  all  casea  the  ratio  of  o  ^'  to  ee''  \         \ 

yvH]  be  10,200  to  I.    If  the  direction  of  the  \        \ 

earth's  motion  be  at  right  anglea  to  the  di-  \       I 

rection  0  e"  of  the  object  0,  wo  Bh&U  have  \      \ 

XhjB  aberratioD  equal  to  2o"'44.  \     \ 

If  the  angle  oe**e  be  oblique,  it  will  be  "■     ! 

jusceanry  to  reduce  ee^'^to  iU  component  at  \   ; 

light  angles  to  w  /',  which  in  done  by  multi-  \  \ 

plying  it  by  the  tripoaometrical  sine  of  the  \  \ 

obliquity  oe^^t  of  tho  direction  of  the  object 
to  that  of  the  earth's  motion. 

According  to  thisj  the  aberration  would 
be  greatest  when  the  direction  of  the  earth's 
motion  is  at  right  angles  to  that  of  the  object, 
tnd  would  decrease  aa  the  angle  of  obliquity 
ddcreiaaeB,  being  nothing  when  the  object  is 
Been  in  the  direction  in  which  the  earth  i& 
moving*  or  in  exactly  the  contrary'  direction. 

The  pLunomcna  may  also  be  imagiued  hy 
considering  that  the  earth,  in  reirolTing  rouud  the  sun,  constantly 
changes  the  directlcn  of  its  motion  ;  that  direction  making  a  com- 
plete revolution  with  the  enrth,  it  follows  that  the  eflect  produced 
upon  the  apparent  plajce  of  a  diatant  object  would  bo  the  same  as  if 
that  object  really  revolved  once  in  a  year  round  its  true  place  in  a 
dide  whose  plane  would  be  parallel  to  that  of  the  eiirth's  orbit, 
and  whoae  radius  woidd  Bubtend  at  the  earth  an  angle  of  20"'  '42, 
and  the  object  would  be  always  seen  in  such  a  circle  90''  in  advancd 
of  the  eaitb^s  place  in  it£  orbit 

These  ctrclea  would  be  reduced  by  projectioa  to  ellipsea  of 
infinitely  various  excentricitiea,  according  to  the  poaitioD  of  the 
object  with  relation  to  the  plane  of  the  earth's  orbit.  At  a  point 
perpendicularly  above  that  plane,  the  object  would  appear  to  move 
annually  in  an  exact  circle.  At  points  nearer  to  the  eclipticj  ita 
apparent  path  would  he  an  ellipse,  the  eicentricity  of  which  would 
increaae  as  the  distance  from  the  ecliptic  would  diminish,  according 
to  definite  conditions. 

NcFWj  all  these  apparent  motions  are  actually  observed  to  alTect 
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all  the  bodies  Tiaibk  on  the  henvens,  and  to  affect  them  Id  precisely 
the  degree  and  direction  which  would  be  produced  bj  the  annual 
motion  of  the  earth  round  the  sun. 

Ajs  the  supposed  motion  of  the  earth  round  the  aun  completely 
and  satiafactorily  explains  thifl  complicated  body  of  phenomena 
called  aberration,  while  the  motion  of  the  ^im  TO\md  tlio  earth  would 
altogether  foil  to  eiplain  them,  thej  afford  another  striking  evidence 
of  the  annual  motion  of  the  earth. 

1 38.  Arffxunent  from  njaaJo^y.  — Another  argument  in  farour 
of  the  earth's  aitnunl  motion  round  the  sun  m  taken  from  it&  analog' 
to  the  plajiets»  to  all  of  which,  like  the  earth,  the  sun  ia  a  source  of 
light  and  heatj  and  all  of  which  revolve  romid  the  eun  as  a  centre, 
having  days,  nighta,  and  seasons  in  all  respects  similar  M  those 
which  prevail  upon  the  earth.  It  neems,  therefore^  contrary  to  all 
probability,  that  the  earth  alone,  being  0110  of  the  planetay  and  by 
no  means  the  greatest  in  magniturle  or  physical  importance,  should 
be  a  centre  round  which  not  only  the  sun,  but  all  the  other  plaoetp, 
ahouldl  revolve. 

139.  Ttie  aiumi&l  and  anniiaLl  pbeaomena  explfilnett  by 
tbe  two  motions  of  tlie  emryi.- — Considering,  then,  the  annual 
revolution  of  the  earth,  as  well  as  its  dmrnd  rotation,  established, 
it  remains  to  show  liow  theae  two  motions  will  explain  the  varioua 
phenomena  manifested  in  the  auccesaion  of  seasons. 


Fi«.  n* 
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While  the  earth  revolves  annually  around  the  sun,  it  has  q  motion 
of  rotalion  at  the  same  time  upon  &  certain  diameter  as  an  axis 
which  is  incline^d  from  the  perpendicular  to  its  orbit  at  the  angle  of 
23°  28'.  Ihu-ing  the  auDUal  motion  of  the  earth  this  diameter 
keeps  continually  parallel  to  the  same  direction,  and  the  earth  com- 
pletes its  revolution  upon  it  in  twenty-three  hours  and  fifty-six 
minuteFj.  In  consequence  of  the  combination  of  this  motion  of  ro- 
tation of  the  earth  upon  ita  axis  with  its  annual  motion  around  the 
Biin,  we  are  awpplied  with  the  alternations  of  day  and  nighty  and  the 
Buccessbn  of  seasons. 

"S\Tien  the  globe  of  the  earth  ia  in  such  a  po&ition  that  ita  north 
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pole  is  tinned  towards  the  6un,  the  gi-oater  pQrtit)ii  of  ita  northern 
hemisphere  is  eolightened,  &ad  the  greater  portioii  of  the  southern 
hemisphere  k  d&rk.  Thie  poaitioa  is  repreBented  In^f.  57,  where 
N  is  the  north  pole,  and  8  the  south  pole.  The  daya  are  therefore 
loBger  than  the  nights  in  the  northerD  hemisphere.  The  reverae  ia 
the  cftse  with  the  aouthero  hemisphere,  for  there  the  greater  aeg- 
meats  of  ihet  pardlela  are  dark,  imd  the  lesser  aegmentfl  onlighteDed ; 
the  dftYs  lire  therefore  shorter  than  the  nights.  Vfon  the  equator, 
however,  at  M^  the  circle  of  the  earth  is  equally  divided,  and  the  dnja 
fknd  niglita  are  equal.  When  the  south  pole  is  turned  towards  the 
win,  which  it  does  exiictly  at  the  oppoaite  point  of  the  earth's  annual 
orhit,  circuinst-anceA  inre  reversed ;  then  the  days  arc  longer  than  the 
nights  in  the  southern  hemisphere,  and  the  nights  are  longer  than 
the  d*y«  in  the  northern  hemisphere.  At  the  intermediate  points 
of  the  earth's  nnnual  path,  when  the  axis  assumes  a  position  perpen- 
dicular to  the  direction  of  the  aun^JIfj/*  38,  then  the  circle  of  light 
and  darkness  passes  throu|jfh  ths  poles ;  all  parallels  in  every  part  nf 
the  earth  are  equally  divided,  and  tJiere  is  consequently  equal  day 
azid  ni^ht  all  over  the  globe. 

In  the  anneiced  perspective  diagram,  jf^,  39,  these  four  positions 
of  the  earth  are  exhibited  in  snch  a  manDer  aa  to  be  dearly  in- 
telligible. 


In  this  diagram,  the  observer  is  supposed  to  view  the  eaxth 
from  the  north  side  of  the  ecliptic,  therefore,  on  the  list  of  June, 
the  north  or  upper  pole  is  tm-ned  in  the  direction  of  the  bud;  on 
the  2 1  St  of  December,  the  south  or  lower  pole  is  turned  in  that 
direction.  On  the  days  of  the  equinoxes,  the  axis  of  the  earth 
is  at  ri;;ht  nri;j:lea  to  the  direction  of  the  aun,  and  it  is  equal  day 
and  night  everywhere  on  the  eaith. 


1 


tos  ASTRONOMY, 

The  annual  varifltion  of  the  position  of  the  mm  with  reference 
to  the  equator,  or  the  chan^  ot  its  declination,  are  explained  hy 
these  motions.  The  summer  soletice — the  time  when  the  eun'a 
diatance  &om  the  equator  ia  the  greatest — takes  place  when  the 
north  pole  is  turned  towards  the  son ;  imd  the  winter  solstice  —  or 
the  time  when  the  sun'a  distani.*^  south  of  the  equator  ia  greatest — 
tftkea  place  when  the  south  pole  is  turned  toward  the  sun. 

InTirtue  of  these  motions,  it  follows  that  the  sun  ia  twice  a  year 
Terticnl  at  rU.  places  between  the  tropics ;  and  at  the  tropica  them- 
selves it  i«  yeitieal  once  a  year.  In  all  higher  latitudes  the  point 
at  which  the  sun  psases  the  meridian  daily  alternately  approach eii 
to  and  recedes  from  the  zenith.  From  the  1 1  st  of  December  until 
the  2lat  of  June,  the  point  continually  approaches  the  zenith.  It 
comes  nearest  to  the  zenith  on  the  2 1st  of  June;  and  faim  that 
day  until  tho  21st  of  December,  it  continually  recedes  from  the 
Eenith,  and  attains  its  lowest  position  on  the  latter  day.  The  dif- 
ference, therefore,  between  the  meridional  altitudes  of  the  sun  on 
the  dfiya  of  the  summer  and  winter  st^lstices  at  all  places  will  bo 
twice  twenty -three  degrees  and  twenty-eight  minutes,  or  forty-sbc 
degrees  and  fiftj'-six  minutes.  In  all  places  beyond  the  tropics  in 
the  northern  hemisphere,  therefore,  the  sun  rises  at  noon  on  the  2 1  st 
of  June,  forty-^ix  degrees  and  fifty-six  minutes  higher  than  it  ri?es 
on  the  2 1  st  of  December.  These  are  the  lim  its  of  meridional  idtitude 
■which  determine  the  influence  of  the  sxm  in  dilferent  jilaces. 

140.  Mean  flolar  or  civil  time.  —  It  has  been  explained  that 
the  rotation  of  the  earth  upon  its  axis  is  rigorously  uniform,  and  is 
the  only  absolutely  uniform  motion  among  the  many  and  com- 
plicated motions  obserrable  on  tlie  heavens.  This  quality  would 
render  it  a  highly  conrenient  measure  of  time,  nnd  it  is  accordingly 
adopted  for  that  purpose  in  all  olraervatories.  Tho  hands  of  a 
sidereal  clock  more  in  perfect  accordance  with  the  apparent  motion 
of  the  firmament. 

But  for  civil  purposes,  uniformity  of  motion  is  not  the  only 
condition  which  must  be  fulfilled  by  a  measure  of  time.  It  is 
equally  indispensable  that  the  intervals  into  which  it  divides  durfl- 
tion  shotdd  be  marked  by  conspicuous  and  universally  obsenr&blA 
phenomena.  Now  it  happens  that  the  intervals  into  which  th^ 
diurnal  revolution  of  the  heavens  divides  duration,  are  marked  by 
phenomena  which  astronomers  alone  can  witness  and  ascertain,  hut 
of  which  mankind  in  general  are,  and  must  remaiut  altogether 
unconscious. 

141.  Clvl]  dajr  —  nooa  mnd.  mlAnlc-ht^ — AitronQmlcal  day. 
—  For  the  purposes  of  common  life,  mankind  by  general  consent  has 
tlierefur©  adopted  the  intenal  l>otw(?cn  the  successive  ret  iims  of  tho 
centre  of  the  sun^s  disk  to  the  mt?ridiaaj  as  the  unit  or  standard 
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TOCftSure  of  time.  Thi»  inton-iil,  culled  a  civtl  pay,  is  divided  into 
24,  uqiial  parts  called  MOWBSf  Tvhich  rt©  Hjiuin  subdivided  Into 
miDUtes  and  secouda,  as  already  explained  in  relation  to  sidereal 
time.  The  hours  of  the  civil  day,  however,  are  not  generally 
counted  from  o  to  24.  as  in  sidereal  time,  but  are  divided  into  two 
equal  pails  of  1 2  hours,  one  comoiencing'  when  the  centre  of  the  sun 
is  on  the  meridian,  the  moment  of  wliich  is  called  xooy  or  midday, 
and  the  other  1 2  hours  later  when  the  centre  of  the  sun  must  pass 
the  meridian  below  the  horixon,  the  moment  of  which  is  midioqht. 

For  civil  purposes,  tbia  latter  moment  h&a  been  adopted  as  the 
commencement  of  one  day,  and  the  end  of  the  other. 

In  observatories,  and  foroatronomieal  convenience  generally,  the 
day  commences  at  noon,  and  ends  at  the  succeeding  noon,  the 
hours  being  counted  from  o"*  to  2 4*',  This  mode  of  reckoning  is 
called  an  AsTBo^■o3ocAL  day. 

1 42.  Biffereace  between  xaeAD  aolar  ajid  sidereal  time.— 
A  solar  diiy  is  ^ividently  longer  thiuj  a  sidereal  diiy.  If  ttie  sun  did 
not  change  its  position  on  the  firmament,  its  centre  would  return  to 
the  meridian  after  the  same  interval  that  elapses  between  the  suc- 
ceaaive  tranaita  of  a  lixed  star.  But  since  the  stm^  as  has  been 
explained,  moves  at  the  rtite  of  about  l"  per  day  from  west  to  east, 
and  dnce  this  motion  takes  place  upon  the  ecliptic,  which  is  inclined 
to  the  equator  at  an  angle  of  25^  28',  the  centre  of  the  sun  in  creases 
its  right  ascension  from  day  to  day,  and  this  increase  varies  according 
to  its  position  on  the  ecliptic.  When  the  circle  of  declination  on 
which  the  centre  of  the  sim  is  placed  at  noon  on  one  day  returns  to 
the  meridian  the  nest  day,  tho  centre  of  the  sun  will  have  left  it, 
and  will  be  found  upon  another  circle  of  declination  to  the  east  of 
it;  and  it  will  not  consequently  come  to  the  meridian  until  a  few 
minutes  later,  when  this  other  circle  of  declination,  by  the  diurnal 
motion  of  the  heavens,  shall  come  to  coincide  with  the  meridian. 

Hence  the  solar  day  is  longer  than  the  sidereal  day. 

143.  BlIFereDoe  between  apparent  noon  and  mean  noon. 
— But  since,  from  the  cause  just  stated  tmd  another  wlijcb  A\iU  he 
presently  explained,  the  daily  increase  of  the  sun's  rigiit  Recension 
is  variable,  tho  ditforence  between  a  sidereal  day  and  the  interval 
between  the  successive  transits  of  the  sim  is  likewise  variable,  and 
thus  it  would  fallow  that  the  solar  da\-s  would  be  more  or  less 
unequal  in  lengrth. 

144.  Mean  solar  tliae — ^Sgaatlon  of  tlraei — Hence  haa 
arisen  an  expedient  adopted  for  civil  purposes  to  efface  this  inequa- 
lity. An  imaginary  sun  ia  conceived  to  accompany  the  true  sun, 
malting  the  complete  revolution  of  the  heavens  with  a  rigorously 
uniform  increase  of  right  ascension  from  hour  to  hour,  while  tho 
iDcrease  of  right  ascension  of  the   true  sun  thus  varies.    The 
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time  mejisured  bj  tlie  motion  of  Ihia  imaiarinaiy  eun  ia  called  sleajt 
soLAE  mcE,  aDd  the  time  me^isuied  bj  the  motioQ  of  the  true  sun 
is  called  afpjlrext  solab  tole. 
Thtj  diiTeronce  between  the  apparent  and  mean  solwr  time  is  called 

the  "  EQXTATIOJf  OP  TIME." 

The  vajiatbn  of  the  increflse  of  the  sun's  right  ascenaion  being 
confined  within  narrow  limits,  the  true  and  imiiginaiT  aims  ciiu 
never  be  far  asimder^  and  consequently  the  difference  between  meaa 
and  apparent  time  is  Dever  coosiderable. 

The  time  inflit-ated  by  a  stm-dial  h  apparent  time,  that  indicated 
hj  an  exactly  regulated  clock  or  watch  is  meao  time. 

The  correction  to  be  applied  to  apparent  time,  to  reduce  it  to 
mean  time  is  often  en^aved  on  eun-dials,  where  it  is  stated  how 
much  **  the  sun  is  too  fast  or  too  alow." 

145.  IliAtaiice  oftbe  sos.^ Although  ike  problem  to  deter* 
mine  with  the  greatest  practicable  precision  the  distance  of  the  sun 
Irom  the  earth  ie  attended  with  great  diJEculties,  many  phenomena 
of  GSLBj  observation  supply  the  meaas  of  ascertaining  that  tbis 
distance  must  bear  a  very  great  proportion  to  the  earth^s  diameter, 
or  must  be  such  that,  by  comparison  with  it,  a  line  8000  miles  in 
length  is  almost  a  point  If,  for  example,  the  apparent  distance  of 
the  centre  of  the  sun  from  any  fixed  atar  bo  observed  simultane- 
oualy  from  two  places  upon  the  earth,  no  matter  how  far  they  are 
Bpart,  no  difference  will  be  discovered  between  them,  unless  means 
of  observation  susceptible  of  extraordinary  precision  be  resorted  to. 
However,  it  may  be  slated  here  that  the  apparent  diameter  of  the 
earth  as  viewed  from  the  sun  amounts  to  no  more  than  1 7""9,  or 
about  the  1 08th  part  of  the  apparent  diameter  of  the  sun  as  Heen 
from  the  earth.  The  distance  of  the  sun  is  e^^unl  to  about  11,535 
diameters  of  the  earth,  and  amounts  therefore  to  nearly  ninett- 

OSE  AS]>  A  HALF  MILLIONS  OP  MILEa. 

146.  Orbit  of  t2&e  eortti  elllpttcaL^In  what  precedes,  we 
have  considered  the  path  of  the  earth  around  the  sun,  called  by 
aatronomera  its  orbit,  to  be  a  circle,  in  the  centre  of  which  tho 
centre  of  tho  sun  is  placed.  Thia  b  nearly  true,  but  not  ex- 
iictlf  so,  as  will  appear  from  the  following  observed  phenomena, 

I>et  A  telescope  supplied  with  micrometric  wires  be  directed  to 

Tx  n  :s  ^ 

Fig.  40.  Flj.41.  Fig.  41.  " 

the  smij  and  the  wires  so  adjusted  that  they  sliall  exactly  touch 
the  upper  and  lower  limbs^  as  in  ^.  40.    Let  the  obser\'er  then 
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watch  from  day  to  day  the  appearance  of  the  sura  and  the  position 
nf  the  wireaj  he  will  find  that,  after  a  cerUun  tiiiie,  the  wires  will 
no  longer  touch  the  eun,  hut  will  perhaps  fall  a.  little  within  it,  oa 
PDpresented  injiff.  41 ,  And  after  a  further  lapse  of  time  he  will  tind, 
on  the  other  kind,  that  they  fttll  a  little  without  it^  m  in^/itf.  42. 

Now,  aa  the  wires  throughout  such  a  ^eriea  of  observation's  are 
maintained  alwaye  in  the  soaio  pofiition,  it  follows  that  the  dijsk  of 
the  flim  iiuist  appear  smaller  at  one  time,  and  larger  at  another — 
that,  in  fact,  the  apparent  ma^tude  of  the  Bun  muat  be  variable. 
It  is  true  that  this  Tariatioa  in  confined  within  very  small  limits, 
but  still  it  ia  distinctly  perceptible.  ^^T:iat,  then,  it  may  be  aaked, 
mOBt  be  ita  cause  P  Is  it  possible  to  imagine  that  the  sun  really 
uttder0oe»  a  change  in  its  size?  This  idea  would,  under  any  circum- 
itimces,  be  absurd;  but  wheo  we  have  itBcartiiiied,  bb  we  may  do, 
that  the  change  of  apparent  magnitude  of  the  sun  is  re^^ar  and 
periodicid — ^that  for  one  half  of  the  year  it  continually  diminishes 
until  it  attains  a  minimum,  and  then  for  the  next  half  yea.r  it  in- 
eiensea  until  it  uttaina  a  maximum  —  such  a  supposition  as  that  of  a 
tt&L  periodical  change  in  the  globe  of  the  sun  becomes  altogether 
incrodible. 

If,  then,  an  actual  chaiige  in  the  magnttude  of  the  sun  be  impos- 
aible,  there  is  but  one  othor  conceivable  cause  for  the  change  in 
its  apparent  magnitude — which  is,  a  corresponding  change  in  the 
eaith*s  distance  from  it  If  the  earth  at  one  time  be  more  re- 
mote than  at  another,  the  sun  will  appear  proportionally  smaller. 
This  is  an  eiiay  and  obvious  explanation  of  the  changes  of  appear- 
ance that  are  observedj  and  it  has  been  demonstrated  accordingly  to 
be  the  teue  one. 

On  examining  the  change  of  the  apparent  diameter  of  the  sun,  it 
is  found  that  it  is  leaet  on  the  1st  of  July,  and  gTeatest  ou  the  3  i&t 
of  December;  that  from  December  to  July,  it  regidarly  decreases j 
and  from  July  to  December,  it  regidarly  increases. 

Since  the  distance  of  the  earth  from  the  sun  must  increase  in  the 
same  ratio  as  the  nppai-ent  diameter  of  the  sun  decreases,  and  ficB 
vertd  (0. 3  5 1 ) ,  the  variation  of  the  distance  of  the  earth  from  the  sun 
in  every  position  which  it  assumes  in  its  orbit  can  be  exactly  ascer- 
t^ed.  A  plan  of  the  fonn  of  the  orbit  may  therefore  belaid  down, 
having  the  point  occupied  by  the  centre  of  the  sua  marked  in  it 
Such  a  plan  proves  on  geometric  examination  to  be  an  ellipsej  the 
place  of  the  sun  being  one  of  the  foci. 

147.  Ittettiod  of  deBcrlblng^  an  elllp«« — Its  foci,  ajEts,  asd 
excentxictty. — If  the  t^nds  of  a  thread  be  attached  to  two  points 
less  dis«tunt  from  each  other  tliim  itii  entire  length,  and  a  pencil  be 
looped  in  the  thread,  and  moved  round  the  points,  so  as  to  keep  the 
thread  tight^  it  will  trace  an  ellipse,  of  which  the  two  points  are  the 
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The  line  drawn  joimiig  the  foci,  continued  in  both  directioofl  to 
the  ellipspj  is  called  its  traxsvehsk,  or  hajoh  axis. 

Another  line,  pflssing  thpcnigh  the  middle  point  of  this  at  light 
angles  to  it  is  called  ita  mjton  axis. 

The  middle  point  of  the  major 
oxia  is  called  the  centre  of  the 
ellipse. 

The  frttctinnftl  or  decimal  num- 
ber which  expi-esaea  the  diataii<e 
of  the  focus  from  the  centre,  the 
pemiftxis  major  being  tiiken  as 
th(i  unit,  is  called  the  excentricity 
of  the  ellipse. 

In  ^ff,  45^  0  in  the  centre,  s 
and  a'  the  foci,  A  B  the  trans- 
Terse  axis. 

The  le««  the  ratio  of  s  s'  to  a  b,  or  what  is  the  eame,  the  le&s  the 
excentricity  is,  the  more  nearly  the  form  of  the  ellipse  approaches 
to  that  of  a  circle,  and  when  the  foci  actually  coalesce,  the  ellipse 
becomea  an  exact  circle. 

148.  BxoentricftT  of  the  earth's  orbit. — ^The  excentricity  of 
the  elliptic  orbit  of  the  earth  is  so  small^  that  if  an  eOipae,  represent- 
ing' truly  that  orbit,  were  drawn  upon  paper,  it  wnuld  be  dii'^tiiiguish- 
able  from  a  circle  only  by  submitting  it  to  exact  measurement.  The 
excentricity  of  the  orbit  baa  been  aaeertained  to  he  only  00 1677. 
The  flemi  axis  major,  or  mean  distance,  being  i  *oooo,  the  greateet 
and  least  distancea  of  the  earth  from  the  sun  will  be — 

B  9  =  roooo  4- 0-01677  =  I '0 1677 
La—  I  •0000  —  0*01677  =  o'98323. 

The  difference  between  these  extreme  dJBtances  is,  therefore,  only 
0'03354.  So  that  the  difference  between  the  greatest  and  leart 
dist/mcea  doe&  not  amount  to  bo  much  aa  fom*  hundredtha  of  the 
mean  die  tan  ee. 

149.  PerlliellOD  and  apbeUon  of  the  earth.— The  positiona 
A  and  B,  where  the  earth  is  nearej^t  to,  and  most  distant  from,  the 
sun  are  called  pERniELioK  and  aphelion. 

The  positions  of  these  points  are  ascertained  by  observing 
the  places  of  the  aun  when  its  appai-ent  diameter  is  greatest  and 
least. 

It  19  pTident  from  what  ha,"*  been  stated  that  theenrth  is  in  aphe- 
lion on  the  1st  of  July,  and  in  penbelion  on  the  1st  of  Januaiy. 

Contrary  to  what  might  be  expected,  therefore,  the  earth  is  more 
distant  from  the  eun  in  sommer  than  in  winter. 
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150.  Variation*  of  temperature  tbronfti  tli«  year.  —  The 

■ucceaaton  ot'aprin}^',  9UDuii«r,auIuinii>  and  winter,  iiud  the  varifttions 
of  temperftture  of  the  aenaona  —  bo  far  as  these  variations  depend  on 
the  poBitioo  of  ilnis  fi^im  —  will  now  require  to  be  expiained. 

The  influence  of  the  sim  in  heiiting  a  portion  of  the  earth^a  sur- 
face, 'W'ill  depend  partly  on  ita  Altitude  above  the  horizon,  The 
greater  that  altitude  is,  the  more  pei-pendicularly  the  rays  will  fell, 
and  the  greater  will  be  their  (ialorific  efteet. 

Tho  calorilic  effect  of  the  sum's  rays  on  a  surface  mono  oblique  to 
their  direction  than  another  will  then  be  proportion&bly  less, 

If  tho  sua  be  in  the  zenith,  its  raya  'ftill  strike  the  surface  per- 
pendicularly, and  the  heating-  ofTect  will  therefore  be  greater  than 
when  the  sun  ia  in  any  other  position. 

The  j^eater  the  altitude  to  which  the  aim  rises,  the  less  obliquely 
will  bo  the  direction  in  which  its  rayis  will  strike  the  smface  ut 
noon,  and  the  more  etlective  will  be  thfir  heating  power.  So  far, 
then,  as  the  heating  power  dependa  on  the  altitude  of  the  sue,  it 
will  be  increjiised  with  every  increase  of  its  iiieridiau  altitude. 

Hence  it  is  that  the  heat  of  summer  increases  as  we  approach  the 
equator.  The  lower  the  latitude  is,  the  greater  will  be  the  height 
to  which  the  aun  will  rise.  Tho  merit^an  altitude  of  the  sun  at 
the  summer  solstice  bein;^  everywhere  outside  the  tropics  forty-six 
degrees  imd  fifty -six  miuute^  more  than  at  the  winter  solstice,  the 
]ieating  effect  will  be  proportionately  greater. 

But  thifl  ia  not  the  only  cause  which  produces  the  greatly  supe- 
rior heat  of  summer  aa  compared  with  winter,  especially  in  the 
higher  latitudes.  The  heating  effect  of  the  aim  depends  not  alone 
on  ita  altitude  at  midday ;  it  also  depends  on  the  length  of  time 
which  it  18  above  the  horizon  and  below  it.  While  the  aun  is  alwve 
the  horizon,  it  is  continnoUy  imparting  heat  to  the  air  and  to  th>3 
aurface  of  the  earth  ;  and  while  it  la  below  the  horizon^  the  heat  ia 
continually  being  dissipated.  The  longer,  therefore,  —other  things 
being  the  same,  —  the  sun  is  above  the  horizon,  and  tho  short*^r  time 
it  ia  below  it,  the  greater  will  bo  the  amount  of  heat  imparted  to 
■the  earth  every  twenty-four  hours.  Let  us  suppose  that  between 
and  aunaet,  tho  aun,  by  ita  calorific  effect,  imparta  a  cert^iin 
amount  of  heat  to  the  atmosphere  and  the  purface  of  the  earth,  and 
that  from  sunset  to  sunrise  a  certain  amount  of  this  heat  ia  loat : 
the  result  of  the  action  of  the  sun  will  he  found  by  deducting  the 
latter  from  the  former. 

Thus,  then,  it  appears  that  the  influence  of  the  aun  upon  the 

■eaaona  dependa  aa  much  upon  the  len;rth  of  the  days  and  nighta  aa 

upon  ita  altitude ;  but  it  so  happens  that  one  of  these  circumstances 

1^        depends  upon  the  other.     The  greater  the  aim's  meridional  altitude 

^ft  i8|  the  longer  will  be  the  days^  and  the  shorter  tho  nighta  i  mid  the 
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less  it  ifl,  tbe  longer  wUl  bo  tBe  ni^htj*,  and  tbe  abortar  tilt  dftji. 
Thus  hoth  circimistaucea  nlways  con&pire  in  prodiiciugr  the  increaBed 
temperature  of  siummur,  and  tbe  dmiimslied  temperatm'©  of  ■winter. 

J  5 1 ,  Dtniy  the  longest  day  is  not  also  tbe  hottest.  —  The 
doff-day*.  — A  dillictilty  is  sometinies  felt  wiien  the  opomlion  of 
these  cAuees  is  considered,  in  understanding  how  it  happens  that, 
notwithfltandiiig  wb^t  hm  been  rtated,  the  2 1  et  of  June^ — ^whext  the 
aun  risea  the  bigliedt,  when  tbe  days  are  longest  and  the  uights 
iibortest — ia  not  tbe  hottest  d^j,  but  that,  on  tbe  contrary,  the  dog- 
daye^  as  they  are  caHed,  which  compri.'ie  the  hottest  weather  of  the 
year,  occur  in  July  and  August;  and  in  the  same  manner,  tbe  21st 
of  Decamber — when  the  height  to  which  tbe  eun  rises  is  least,  the 
days  shortest,  and  the  nights  longest — ia  not  usually  the  coldest 
day,  hut  that,  on  the  other  hand,  tbe  most  inclement  weather  occurs 
at  a  lat^r  period. 

To  explain  this,  so  far  as  it  depends  on  tbe  position  of  the  sun 
and  tbe  len^b  of  the  days  aud  nights,  we  are  to  coiwider  tbe  follow- 
ing circiimstanccs :  — 

As  luidsu  miner  appro  acbea,  the  gradual  increase  of  tbe  tempera- 
ture  of  the  weather  hua  been  explained  thus :  The  days  being  con- 
siderably longer  than  the  nights,  the  quantity  of  beat  imparted  by 
tbe  sun  during  tbe  day  is  greater  than  the  quantity  lost  during  tbe 
night ;  and  tbe  entire  result  during  the  twenty-four  hours  gives*  on 
increase  of  beat.  As  this  augmentation  takes  place  after  each  sue- 
ceseive  day  aud  night,  tbe  general  temperature  continues  to  increase. 
On  tbe  2 1  at  of  June,  wheu  the  day  ia  longest,  and  tbe  night  is 
shortest,  and  tbe  eun  rises  highest,  this  augmeDtatiDu  reaches  its 
maximum ;  but  tbe  temperature  of  the  weatb^jr  dofs  not  therefore 
ceaAS  to  increase.  After  the  2l9t  of  June,  there  continues  to  bo 
fitiJl  a  daily  augmentation  of  beat,  for  the  sun  still  continuea  to  im- 
part more  heat  during  the  day  thun  ia  lost  during  the  night  The 
temperature  of  the  weather  will  therefore  only  cease  to  iucrease 
when  by  tbe  diminished  length  of  tbe  day,  the  increased  length  of 
the  night,  and  tbe  diminished  meridional  altitude  of  tbe  sunt  the 
beat  imparted  during  the  day  is  just  balanced  by  the  heat  lost 
during  the  night.  There  will  bo,  then,  no  further  incrense  of  tem- 
perature, and  the  beat  of  the  weather  ^vill  have  attained  its  maxi- 
mum. 

But  it  might  occur  to  a  superficial  obserrer,  that  this  reasoning 
would  lend  to  the  conclusion  that  the  weather  would  continue  to 
increase  in  its  temperature,  until  the  length  of  the  days  would 
become  e<]^iiiiJ  to  the  length  of  the  nights ;  and  such  would  be  the 
case,  if  tbe  loss  of  heat  per  hour  diiriog  the  night  were  equal  to 
the  gain  of  beat  per  hour  during  the  day.  But  such  is  not  the 
Cflde;  tbe  loss  ia  more  rapid  than  tbe  gain^  and  tbe  consei^uence  is 
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that  the  hottJ'st  day  usually  comes  •vvitbin  the  moiith  of  July,  but 
always  long  before  the  day  of  the  nutumnal  equinoi. 

The  same  reaeoniDg^  wilt  explain  why  the  coldest  weather  does 
not  uauttlly  occur  on  tLe  2 1  at  of  December,  when  the  day  is  shortest 
And  the  night  longreBt,  and  when  the  aim  ntttiina  the  loweat  meri- 
dional altitude.  The  decrease  of  the  temperature  of  the  weather 
depends  upon  the  loss  of  heat  during'  the  night  being  greater  than 
the  gain  during  the  day  ;  aud  imtil,  by  the  incroa»ed  leujtrth  of  the 
day,  and  Iho  diiniubhed  length  of  the  night,  these  effects  are 
balanced,  the  coldest  weHther  will  not  be  attAined. 

Tlie,^  obaenatioufl  niuiit  he  understood  aa  applying  only  bo  far 
as  the  temperatuTG  of  the  weather  is  ajlected  by  the  sun,  and  by 
the  length  of  the  days  aud  nights.  There  are  &  Tariety  of  other 
local  and  geo^nraphical  cauLaes  Avhich  interfere  with  these  eflect^^ 
and  vary  them  at  diiTerent  tiroca  and  places 

On  referring  to  the  annual  motion  of  the  earth  round  the  flim^  it 
appears  that  the  position  of  the  sun  within  the  elliptic  orbit  of  the 
earth  ia  such  that  the  earth  ia  nearest  to  the  aim  about  the  i  st  of 
January,  and  most  distant  from  it  about  the  l  st  of  July.  As  the 
calorific  power  of  the  eun*B  rays  increases  as  the  distance  from  the 
eiulh  dimiuiAhea,  in  even  a  higher  proportion  than  the  change  of  dis- 
tances, it  might  be  expected  that  the  effect  of  the  sun  in  beating  the 
earth  on  the  l  st  of  January  woidd  be  considerably  greater  than  on  the 
1st  of  July*  If  this  were  admitted,  it  would  follow  that  the  annual 
motion  of  the  earth  in  it3  elliptic  orbit  would  have  a  tendency  to 
<fTTininifl>i  the  cold  of  the  winter  in  tlie  northern  hemisphere,  and 
mitigate  the  heat  of  summer,  ao  aa  to  a  certain  extent  to  equalise 
the  seasons;  and,  on  the  contrary,  in  the  sonthem  hemiypbere» 
where  the  let  of  January  is  in  the  middle  of  summer  and  the  1st 
of  July  the  middle  of  winter,  ita  eftecta  would  bo  to  aggravate  the 
cold  in  winter  and  the  heat  in  eummer.  The  investigations,  how- 
ever, which  had  been  made  iu  the  physics  of  heat,  have  shown  that 
that  principle  is  governed  by  laws  which  counteract  such  eflfects. 
Like  the  operation  of  till  other  physical  agencies,  the  sun's  calorific 
power  requires  a  delinite  time  to  produce  a  given  effect,  and  the  heat 
received  by  the  earth  at  any  part  of  ita  orbit  wil!  depend  conjointiy 
on  its  distance  from  the  sun  and  the  length  of  time  it  tahes  to  tra- 
verse that  portitm  of  its  orbit  In  fact,  it  has  been  ascertaincnl  that 
the  heating  power  dependa  m  much  on  the  rate  at  which  the  sun 
changes  its  longitude  aa  upon  the  earth's  distance  from  it.  Now  it 
happens  that,  in  consequence  of  the  laws  of  the  planetary  motionsj, 
discovered  by  Kepler,  and  eicplained  by  Newton,  when  the  earth  is 
most  remoio  from  the  sun  its  velocity  is  least,  and  consequently  the 
hourly  changes  of  longitude  of  the  sim  will  be  proportionally  less. 
Thus  it  appears  that  what  the  heating  power  loses  by  augmented 
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distance,  it  gains  by  ditniniahed  velocitr ;  and  again,  when  the  earth 
h  nt'iireat  to  the  sun,  what  it  gnins  by  diminished  distance,  it  \o&es 
by  increased  speed.  There  is  thus  a  complete  compenaation  pro- 
duced in  the  heating  effect  of  the  sun,  by  the  diminished  velocity  of 
the  earth  which  accompanies  ita  increased  distance. 

ThiB  period  of  the  year»  during  which  the  heat  of  tlie  weather 
is  uaually  most  iutense,  was  called  the  CAXictJLAR  days,  or  Doo 
PITS.  Thejse  days  were  generally  reckoned  as  forty,  commencing 
about  thu  3rd  of  July,  and  received  their  name  from  the  fact, 
that  in  ancient  timca  the  brijjfht  star  Siriua,  in  the  conatel lotion 
of  Ctmh  mnjoT,  or  the  great  dog,  at  that  time  rose  a  little  before 
tht*  fiUjQ.  and  it  was  to  the  minister  influence  of  this  star  that 
were  ascribed  the  bad  effects  of  the  inclement  heat,  and  especially 
the  prevalence  of  madness  among  the  canine  race.  Owing  to  a 
cause  which  will  be  explmned  hereafter  (the  precession  of  the  equi- 
noxes), this  star  no  longer  riBes  with  the  sun  during  the  hot  season. 
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ATVOSTRSaiC  RErBACnOT?,  AXD  PARAT.I.AX. 

1  ;z.  Appmrent  posltloii  of  eelestlaJ  otijoctt  HLfTeoied  byre- 

fracttpn.— The  oeoan  of  air  which  snrTOunds,  rests  upon,  and  eift^nda 

to  a  certain  limited  height  alxjve 
the  purfaee  of  the  wjlid  and  liquid 
matter  composing  the  globe,  de- 
creases gmduidly  in  density  in  risiug 
from  the  surface  (II.  223);  tliat 
when  a  ray  of  light  pnsscii  from  a 
rarer  into  a  denser  Irauspareut  me- 
diunu  it  ia  deflected  towards  the 
]^veq>endicular  to  their  common 
surface ;  and  that  the  amount  of 
such  dedection  increases  with  tlie 
differeriLG  of  densitieji.  and  tlie  angle 
of  incidence  (0.  92).  These  pm- 
perties,  which  air  has  in  common 
with  all  transparent  media,  produce 
^'***-  important  effecta  on  the  iipparent 

p*>sit5oD»  of  celestiid  objects* 
Lei  8  Of  Jiff.  44,  be  a  raj  of  light  coming  from  any  distant  ob- 
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jaety  Bf  and  fSsJling  on  the  surface  of  a  series  of  layers  of  transpa- 
rant  matter^  increasing  in  density  downwards.    The  ray  s  a,  pass- 
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ing  into  the  first  layer,  will  be  deflected  in  the  direction  a  a'  to- 
wards the  perpendicular,  and  passing  through  the  lowest  layer,  it 
will  be  still  more  deflected,  and  will  enter  the  eye  at  e,  in  the 
diiection  a^'  e ;  and  since  every  object  is  seen  in  the  direction  from 
iHiich  the  visual  ray  enters  the  eye,  the  object  s  will  be  seen  in 
the  direction  e  s',  instead  of  its  true  direction  a  s.  The  efiect, 
therefore,  is  to  make  the  object  appear  to  be  nearer  to  the  zenithal 
dizection  than  it  really  is. 

And  this  is  what  actually  occurs  with  respect  to  all  celestial 
objects  seen,  as  such  objects  always  must  be,  through  the  atmo- 
■phere.  The  visual  ray  s  d,  Jig.  45,  passing  through  a  succession 
cf  strata  of  air,  gradually  and  continually  increasing  in  density, 
iti  path  will  be  a  curve  bending  from  D  towards  a,  and  convex 
towards  the  zenithal  line  a  z.  The  direction  in  which  the  object 
■will  be  seen,  being  that  in  which  the  visual  ray  enters  the  eye,  will 
"be  the  tangent  a  « to  the  curve  at  a.  The  object  will  therefore  be 
•een  in  the  direction  a  s  instead  of  d  s. 

It  has  been  said  that  the  deflection  produced  by  refraction  is  in- 
creased  with  the  increase  of  the  angle  of  incidence.  Now,  in  tlie 
present  case^  the  angle  of  incidence  is  the  angle  under  the  true 
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direction  of  the  object  and  the  zenitbftl  line,  or,  what  ia  tJie  same, 
the  senith  diatauce  of  the  object.  The  extent^  theTefore,  to  which 
any  celt'Stinl  object  is  disturbed  from  ita  true  plR<>e  by  tb^  refr«ietion 
of  the  atraowpbere,  iiicroaaea  with  ite  zenith  distance*  The  refrac- 
tion ia,  therefore,  Botbinginthe  zemth,  and  prr^^ateat  in  the  horizon. 

153.  Law  of  atmoapberlo  reft^ctlon. — The  extent  to  which 
ft  celestiftl  object  ia  dinplaced  by  re  traction ,  therefore,  depends  upon 
and  increases  with  its  distance  from  the  zenith ;  and  it  con  be  shown 
to  be  a  conacqucnce  of  the  general  principles  of  optics^  that  when 
other  thin^fs  are  the  aame,  the  actual  quantity  of  this  displacement 
(except  at  very  low  altitudes)  Tariea  in  the  proportion  of  the  tan- 
gent of  the  zenith  distance, 

Thra  law  prevaila  with  considerable  exactitude,  except  at  very 
low  altitudes^  where  the  refractions  depart  from  it^  and  beoome  un- 
certain. 

1  54.  ^luuitlty  of  refTAotloii. — "V\Tien  the  latitude  of  the  obser- 
vatory ie  known,  the  actual  qimnlitj  of  refraction  at  a  given  alti- 
tude may  he  oacertaine^iby  observing  the  altitudes  of  a  circumpolar 
atarj  when  it  parses  the  meridian  above  and  below  the  pole.  The 
sum  of  th&Ae  altitudes  would  be  exactly  equal  to  twico  the  latitude 
(114)  if  the  refraction  did  not  exist,  hut  since  hy  its  effects  the 
stir  is  seen  at  greater  than  ita  true  altitudes,  the  sum  of  the  alti- 
tudes will  he  greater  than  twice  the  latitude  by  the  sum  of  the  two 
Kfractiona.  This  sum  will  therefore  he  known,  and  being  divided 
between  the  two  altitudes  in  tlie  ratio  of  the  tangents  of  the  zenith 
distances  the  quantity  of  refraction  duo  to  each  altitude  will  bo 
known. 

The  pole  star  answers  Lest  for  this  observation,  especially  in 
these  and  higher  latitudes,  where  it  passes  the  meridian  within 
the  limits  of  the  more  regular  influence  of  lefmcdon ;  and  the 
difference  of  its  altitudes  being  only  j**,  no  considerable  error 
CJin  arise  in  apportioning  the  total  refraction  between  the  two 
altitudes. 

1 55.  Tables  of  rettaotloit.  ^ —  To  determine  with  great  exacti- 
tude the  average  quantity  of  refraction  due  to  difierent  altitudes, 
and  the  various  physical  conditions  under  which  the  actual  refrac- 
tion departa  from  such  average,  ia  an  exti-emely  difficult  physical 
problem.  These  conditions  are  connected  with  phenomena  sul)ject 
to  uncertain  and  imperfectly  known  laws.  Thus,  the  quantity  of 
refbictifin  at  a  given  altitude  depends,  not  only  on  the  density,  but 
also  on  the  temperature  of  the  suL^esmv©  strata  of  air  through  which 
the  visual  ray  has  pa^ed.  Although  as  A  general  fact,  it  is  appa- 
rent that  the  temperature  of  the  air  falls  as  we  rise  in  the  atmo- 
spliere,  yet  the  exact  law  according  to  which  it  deciGAses  is  not 
fully  ascertained.    But  even  though  it  were,  the  refraction  is  also 
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laflrienced  bv  oiher  agenLn<?8t  Aiivoup  i^^hich  the  hj^grometiic  condi- 
tion of  the  air  holds  an  important  pljice. 

Flora  tbeae  niuw?a,  ftoiin;  uticertftinty  nweeu^arOy  attends  aatrO' 
nomical  obsenationa  of  objecte  rn^fir  the  hnrizon,  and  some  em- 
barrassment arises  in  casea  whi^rf*  the  quantitifa  tn  ha  det^'ctcd  by 
the  observations  axtt  extremely  niiniit©.  Nevertheless,  it  must  be 
remembered  that,  since  the  total  amount  of  refniJCtion  is  never  con- 
mderahlp,  luid  in  mo»t  cases  it  is  extreiiit'ly  minute,  and  since, 
small  as  it  is,  it  can  be  very  newly  estimated  imd  allowed  for,  and 
in  some  cas^ss  wholly  jjtfatcd,  no  serious  obstacle  is  offered  bj  it 
to  the  j^eDerol  pn.i|fress  of  astronomy. 

Tables  of  refraction  have  been  eonetnicted  and  odculatedj  partly 
from  obsenation  and  partly  from  thc?ory,  by  which  the*  ohsorver 
jnay  at  once  obtain  the  avoraj^e  quantity  of  refraction  at  each  alti- 
tude ;  and  ndes  are  given  by  which  this  average  refrat:tion  may  bo 
«"iorr«2cted  according  to  the  peculiar  state  of  the  haromet'er,  tliemio- 
nieter,  and  other  indicators  of  the  physical  ^tjite  of  the  air. 

10.  ik^ermgre  quantity  at  mean  altltiides. — While  the  re- 
fraction is  nothing  in  tht?  zenith j  and  somewhat  greater  than  the 
Hpparent  diameter  of  the  etm  or  moon  in  the  borixon,  it  docs  not 
amount  to  so  much  as  i',  or  the  thirtieth  part  of  this  diameter^  at 
the  mt'tm  altitude  of  ^5°. 

157.  lUKect  on  rUtnr  mod  «ettfni,^Its  mean  quantity  in 
the  horizon  is  35',  which  being  a  little  more  than  the  mean  appR- 
r«?nl  diameters  of  tlie  sun  andnioauj  it  follows  that  these  objects,  at 
the  moment  of  rir^ing  and  setting,  are  visible  above  the  horizon,  the 
lower  edge  of  their  disks  just  touching  it^  when  in  reality  they  are 
Li'lctw  itf  the  upper  edge  of  the  disk  just  touching  it. 

The  momenlH  of  rising  of  all  objeetH  are  therefore  accelerated,  and 
those  of  setting  re  larded  ^  by  refraction.  Tlie  sun  and  moon  appear 
to  rise  before  they  have  really  risen,  and  to  set  fl/?<r  they  have  really 
eet;  aiid  the  siime  is  tnio  of  all  other  obji*ctB. 

I  ^.  General  effe  ct  of  tlie  b  ore  meter  on  refi^otlon.  —  Since 
the  httrometer  riw s*  with  the  increased  weight  and  density  of  the  airr 
its  nse  is  attended  by  an  augmentation,  and  its  fall  by  a  decrease,  of 
refraction.  It  may  i>e  assumed  that  the  refraction  at  any  proposed 
altitude  is  increased  or  diminished  by  the  jOOtb  part  uf  its  mean 
quantity  for  every  tenth  of  an  inch  by  which  the  bawmeter  exceed* 
or  fidls  abort  of  the  height  of  30  inches. 

1^9.  Bffect  of  ti&armamet«r. — As  the  inerease  of  tempera- 
tttte  causes  a  decrease  of  density,  the  effect  of  refraction  is  diminifllied 
by  the  elevation  of  the  thermometer,  the  state  of  the  bajrometer 
being  the  same.  It  may  he  assumed,  that  the  refraction  at  any  pro* 
posed  altitude  la  diminished  or  increased  by  the  4Zoth  part  of  iti 
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menn  amount  for  eack  degree  by  which  Fahrenheit's  thermometer 
exceeds  or  falls  short  of  the  mean  temperature  of  55°. 

160.  Twlllfflit  osnsed  hy  the  relleotloB  of  the  Atfiio- 
•pbere.  —  The  arm  continues  to  illuminate  the  clouds  and  the  su- 
perior strata  of  the  air  after  it  has  set,  in  the  same  manner  as  it 
shines  on  the  euumiita  of  lofty  mountain  peaks  long  after  it  has  de- 
aefinded  from  the  view  of  the  inhabitants  of  the  adjacent  plains. 
The  air  and  clouds  thus  illuminated,  reflect  light  to  the  mufaoe 
below  them;  and  thus, after  sunset  and  hefore  suimHC,  produce  that 
lij^ht,  more  or  leas  feeble  according  to  the  ciepresaion  of  the  sim, 
colled  TWTLltiHT.  Immediately  after  sunset  the  entire  visible  atmo- 
sphere, and  all  the  clouds  which  float  in  it,  are  fliwded  with  sunlight, 
and  pn)duce,  by  reflection,  an  illumination  little  less  intense  thaji 
before  the  sun  had  disappeared.  According  as  the  sun  sinks  lower 
and  lower,  less  and  leas  of  the  risible  atmosphere  receives  his  light, 
and  leas  and  less  of  it  is  transmitted  by  refletition  to  the  surface, 
imtil  at  lengthy  and  by  slow  degrees,  all  refle<^tion  ceases  and  night 
begins. 

The  same  series  of  phenomena  are  developed  in  an  opposite  order 
before  siuiriae  in  the  morning*  commencing  with  the  first  feeble 
light  of  dnwn^  and  ending  with  the  full  blaze  of  day,  when  the  disk 
of  the  sun  hecomes  visible, 

161.  Oval  f)9ria  of  disks  «f  sua  guid  moon  esplalned.  —  One 
of  the  most  curious  efl^ects  of  atmospheric  refraction  is  the  o\  &i  fonu 
of  the  disks  of  the  sun  and  moon,  when  near  the  horizon.  This 
arise-s  from  tlie  miequul  refraction  of  the  upper  and  lower  limbs. 
The  latter  being  nearer  the  horizon  ia  more  alfected  by  refractioii, 
and  therefore  raised  in  a  greater  degree  than  the  upper  limb,  the 
effect  of  which  is  to  bring  the  two  limbs  apparently  chiser  together, 
by  the  difference  between  the  two  refractions.  The  form  of  the 
dbk  is  thprefortj  affected  as  if  it  were  pressed  between  two  forces, 
one  acting  abo^re,  and  the  other  below,  tending  to  compress  its  Ter- 
tical  diameter,  and  fo  give  it  the  form  of  an  ellijx'^e,  the  lesser  axis 
of  which  is  vertical,  and  the  greater  horizoutaL 

162.  Parallax.  —  Since  the  apparent  place  of  a  distjint  object 
depends  on  the  direction  of  the  visual  line  drawn  from  the  observer 
to  such  object,  and  since  while  the  object  reinaina  stationary  the 
direction  of  this  visual  line  is  changed  with  every  change  of  position 
of  the  obserror,  such  change  of  position  produces  necessarily  a  diB- 
placement  in  the  apparent  position  of  the  object. 

This  ftppareut  displacement  of  any  object  seen  at  a  distance,  due 
to  the  change  of  position  of  the  observer,  is  called  pahaOjAX. 

It  follows  that  a  distant  object  seen  by  two  observers  at  different 
places  on  the  earth  ia  seen  in  different  directions,  so  that  its  appa- 
rent place  in  tbo  firmament  will  he  difierent,     It  would  therefore 
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follow,  tbftt  tlip  a«p«ct  &f  tbe  heavens  would  vaiy  with  every  chungfe 
of  pofiitioD  of  the  obsen  er  on  the  eartii,  just  as  the  relative  position 
of  objects  on  land  which  are  stationary  changes  when  iriewed  fnitra 
the  deck  of  a  vessel  which  sails  or  steams  along  the  coast.  But  it 
BO  happens^  that  even  the  greatest  diirereoce  of  position  which  can 
exist  between  observers  on  the  earth's  surface  ia  rd  small  compared 
even  with  the  nearest  bodieii  to  the  earthj  that  the  apparent  dis- 
pbicemeat,  or  pasallai,  thiw  produced  is  very  araallj  while  ft>r  the 
most  numerouii  of  ctdeatial  objects,  the  stars,  it  ia  absolutely  in- 
appi'^ciable  by  the  most  refined  meana  of  ohstin'ation  and  meaaure^ 
njent. 

Small  hs  it  ia,  however,  ao  far  aa  relates  to  the  nearer  bodies  of 
the  unif  orsCf  it  ia  capable  of  definite  liieasurement,  and  ita  amount 
for  each  of  them  suppliea  one  of  the  data  by  which  their  di3tanco« 
are  calcalatwi. 

163.  Apparent  and  true  pUio«  of  on  object.  —  Blumml 
piwaUax*— '^\llen  an  object  is  within  such  a  limit  of  distjince  aa 
would  cause  a  sensible  displacement  to  be  produced  when  it  ia 
viewed  from  different  part«  of  ihe  earth *a  surface,  it  is  convenient, 
in  regiatering  its  appai^nt  position  at  any  given  time^  to  adopt 
§omp  fixed  station  from  which  it  is  supposed  to  be  obsen^ed.  The 
station  selected  by  aatronomere  for  this  purpose  18  the  centre  of  the 
earth.  The  direction  in  which  an  object  w^uld  be  seen  if  viewed 
from  the  centre  of  the  earth  is  called  its  TRUE  PLACE,  ITie  direction 
in  which  it  ia  seen  from  any  place  of  obsenr'atlon  on  the  surface  ia 
c»lled  its  APPARENT  PLACE,  and  the  apparent  displacement  which 
would  be  produced  by  the  transfer  of  the  obnerver  from  the  centre  tcj 
the  surface  or  vicf  iwfta,  or,  whatis  the  same,  the  diticrence  between 
the  true  and  apparent  places,  is  called  the  uiur^'AL  parallax. 

In  jf//.  46,  let  c  reprewnt  the  centre  of  tlie  earth,  P  a  place  of 
ob«ervation  on  its  surface,  0  an  object  seen  in  the  zenith  of  P,  o'  the 
same  oitject  seen  at  the  zenith  distance  opo'j  and  0"  the  same 
object  seen  in  the  horizon. 

It  is  evident  that  o  will  appej^r  in  the  same  direction,  whether  it 
be'i'iewed  from  Por  c.  Hence  it  foUowa  that  in  the  zenith  there  i§ 
no  diunud  parjilhLx,  and  that  there  the  apparent  place  of  an  object 
is  Its  true  place. 

But  if  the  object  he  at  0',  then  the  apparent  direction  is  P  0', 
while  the  true  direction  is  c  o',  and  the  apparent  place  of  the  object 
will  be  rt*,  while  its  true  place  will  be  f;  and  the  diurnal  porallAx 
correwpomiiuf"'  to  the  zenith  distance  O  P  0'  will  be  f  a',  or  the  aQ|ie 
f  o'a%  which  b^  equal  to  P  o'c. 

Aa  tlie  object  is  more  remote  from  the  zenith  the  parallax  is 
augmented,  because  the  semidiameter  c  p  of  the  earth,  which  passea 
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thToiigli  the  plBf e  of  observation,  js  more  and  more  nearly  at  right 
ftnglee  to  the  directions  C  o'  and  p  o\ 
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164.  HoHsoatal  parallax, — ^When  the  ohjed>  i»  in  the  horizoD, 
as  lit  o',  the  diiinial  pdrallax  be«^omea  greatest,  and  is  called  the 
HORIBONTAL  PABALLAJL.  It  IS  the  angle  Fo'^c  which  the  eemi- 
diameter  of  the  mrth  pubtends  at  the  object 

165.  iUmoal  parallax. — If  tbe  earth  he  admitted  to  move 
annually  arouiid  the  siin,  as  a  etationary  centre,  aU  obsenrera  placed 
on  it.^  surface,  seeiiipj  distant  objects  from  pointa  of  view  so  eitTemely 
distant  one  from  the  other  aa  are  the  opposrite  extreraitiea  of  its  orbit, 
must  neceBsarily,  aa  might  be  Buppoaed,  eeo  these  objecta  in  yeiy 
ditTement  directions. 

To  corapitsbend  the  effect  which  might  be  expected  to  be  ppcidiiced 
upon  the  apparent  place  of  a  distant  object  by  auch  a  motion,  let  E 
e'e^'e'",^^.  47,  represent  the  earth's  annual  ccnirse  aroxmd  the 
sun  as  seen  in  perspectiv^e^  and  let  o  he  any  dietant  object  visible 
from  the  earth.  The  extremity  B  of  the  line  %  0  which  is  the  visual 
direction  of  the  object,  being  carried  with  tlie  earth  round  the  circle 
E  e'  e"^  e'",  will  ftnnually  describe  a  cone  of  which  the  baee  is  the 
path  of  the  earth,  and  the  vertex  is  the  place  of  the  object  0.  While 
the  earth  moveH  round  the  circle  £  E'''^  th«  line  of  visual  direction 
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would  therefore  have  a  con'osponclmg  motion,  and  the  apparent 

place  of  the  object  would  he  3uct?esaively  changed  with,  the  change  of 

direction  of  this  line.     If  the  object  he 

unagiiied  to  be  projected  bj  the  eye  upou 

the  firniiinieiit,  it  would  trace  upon    it  a 

path  oc/  «"  o'",  which  would  be  circular  or 

elliptical^  acconliiig  to  the  direction  of  the 

object.     When  the  earth  ia  at  E,  the  ubjoct 

would  be  seen  ato;  aiid  when  the  earth 

is  at  e",  it  would  be  seen  at  t/\     The  extent 

of  this  appareDt  diaplacemeot  of  the  object 

wonld  be  meaiiured  by  the  angle  E  o  e", 

which  the  diameter  E  e"  of  the  earth's  path 

or  orbit  would  &uhtend  at  the  object  o. 

It  has  been  stated  that,  in  general,  the 
apparent  displacement  of  a  distant  visible 
ubject  produced  by  any  change  ia  the 
8t<ition  fi-om  which  it  is  viewed  ia  called 
piBLiLLAK.  That  which  is  produced  by 
the  chaogi3  of  position  due  to  the  diumal 
motion  of  the  earth  beinp:  called  lUTTRTfAL 
PARALLAX,  the  corresponding  displacement 
due  to  the  annual  niotinn  of  the  eartli  is 
called  the  annual  I'arallax, 

The  greatest  amount,  therefore,  of  the 
annual  parallax  for  any  proposed  ubject  is 
the  angle  which  the  semidiameter  of  the 
earth's  orbit  aublendi?  at  suuh  object,  lis  the 
greatest  amount  of  the  diurnal  pajuHax  is 
the  anjrie  whith  the  semidiameter  of  the 
earth  itself  auhtendi^  at  the  object. 

166.  Zt«  effects  apoii  tlte  boillet  of 
tbe  ftolur  system  mpptayemt.— The  eflbt-bs  ^f 
of  imuufd  piLraIla.x  jire  observublc,  and  in- 
deed are  of  consideiuhle  amountt  in  the 
case  of  idl  the  bodies  composing  the  aohir 

ayBtern.  The  apparent  rmnuaj  motion  of  the  sun  is  altO|^ether  duw 
to  parallax.  The  apparent  motioua  of  the  planets  and  other  Ixxliea 
composing  the  iiolar  system  are  the  effecta  of  pantllax^  combined 
^■ith  the  real  motions  of  the.se  varioua  bodies. 

167.  Geoeral  Absence  of  |>arallii.x  explained  117  great  dl»* 
tenee' — With  a  few  exceptions,  110  tracer  of  the  eflcL'tJi  of  atinuid 
parallax  have  bt*eQ  diHcuvered  among  the  innumerable  lisod  Btai-M 
by  which  the  solar  aystem  is  sum:>UD(Ied,  and  since,  oevertheleet*, 
the  annual  motiou  of  the  earth  in  its  orbit  re^ts  upon  a  body  of  evi- 
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dence  and  is  suppirted  by  arguments  which  must  be  repafded  as 
roncluaive,  the  absence  of  parallax  can  only  be  a3crih«d  to  the  fEM*t 
that  the  stai-s  genendly  are  placed  ftt  distancea  from  the  solar  system 
compared  with  whieb  the  orbit  of  the  B&rth  shrinksi  into  ii  point, 
and  therefore  that  the  motion  of  an  obsener  round  this  orbit,  vast 
as  it  may  seem  conipiired  with  all  otir  faiuiliar  standards  of  magni- 
tude, prwlucea  no  more  apparent  diapiacement  of  a  bxtnl  star  than 
the  motion  of  an  animalci^e  round  a  frniin  of  mustard  seed  would 
pix>duco  upon  the  apparent  direction  of  the  moon  or  siin. 

l6B.  Abaence  of  aenslble  parallax  of  fixed  auum.  —  Wlien, 
on  any  clear  Digbt,  we  contemplate  the  tirmament,  and  Iwbold  the 
countless  multitude  of  objects  that  sparkle  upon  it,  reMifmbering 
what  a  comparatively  small  number  are  comprised  among  thoae  of 
the  solar  system,  and  evtu  of  these  how  few  are  visible  at  any  on© 
time,  we  are  naturolly  impelled  to  the  inquiry,  Where  in  ibu  mii- 
verae  are  these  vivit  numbers  of  objects  phice<i  P 

Very  little  reHwtiou  and  reasooing^  applied  to  the  DonsidenLtioa 
of  our  own  petition  and  to  the  appearance  of  the  heavens*  will  con- 
vince lis  that  the  objeit^  that  chieily  appear  on  the  iinnainent» 
miLst  be  at  almost  immeasurable  dititances.  The  earth  in  its  ununtd 
course  njund  the  sim  moves  in  a  circle,  the  diameter  of  which  ia 
about  200  millions  of  tniles.  We.  who  obsierve  the  heavens,  are 
transported  upon  h  round  that  vast  ciirle.  The  station  fi:t>iu  which 
we  olijierve  the  ntiiverse  at  one  period  of  tby  year  is»,  then,  200 
mi  11  ions  of  miles  fnnn  the  station  IKim  which  we  view  it  at  another. 

Now  it  18  a  fa4:t,  withi^u  tbo  familiar  exp*?rience  of  vivt^ry  one, 
thiit  the  relative  position  of  objocts  will  depend  upon  the  point 
from  which  they  are  viewi3d.  If  we  stand  up>n  the  brmk  of  a  river, 
jdong  the  marj-riu  of  which  a  multitude  of  ships*  are  sttationed,  anU 
view  the  moHti  of  the  vessels,  they  will  have  anjon*r  e/ich  other  a 
certJiin  relative  iirmngfrnient.  If  we  change  out  posilion,  however, 
throHg^li  the  space  of  a  few  hmidred  yards,  the  relative  potiition  of 
thefie  ntasts  will  cot  be  the  same  &3  U-fope.  Two  which  before  lay 
in  lin*^  wUl  now  be  seen  aeparnte;  and  two  which  l^^nre  were 
Hepjiralcd  are  now  broug-ht  into  line.  Two,  *)ne  of  which  was  to 
the  right  nf  the  other,  are  now  rf?VL'rsed ',  that  whii^b  wns  to  tho 
right,  is  at  the  left,  and  vieti  versti:  nor  are  these  chjmjji:*'i*  pnMlucetl 
by  any  changt^  uf  p^mition  of  the  ships  themselves,  fnr  they  are 
moored  ia  «tationarv'  positions.  The  cbangoa  of  apiM'amm'e  are  the 
result  of  our  own  cfimtye  qfjjosifton  ;  and  the  j/realcr  tliat  change  of 
po«itioii  Uf  the  greater  will  be  the  relative  chanjare  of  these  appear- 
ances Lot  u*  suppose,  however,  that  we  are  moved  to  a  much 
gjeater  distance  from  the  shippin)^' ;  any  chrtn>re  in  our  position  will 
produce  much  less  eflect  upon  the  relative  position  of  the  maete; 
perhaps  it  will  rec^idre  a  very  considerable  change  to  produce  a  per- 
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ccivable  effect  upon  them.  Therefore,  in  proportion  iia  our  dbtance 
from  tlie  masta  in  iocreaaed,  bo  in  proportion  will  it  require  q  grv&itiT 
I'hftngie  in  our  own  position  to  produce  tho  Baiiie  uppiurent  change  iu 
thi^ir  position. 

ThiL*i  it  id  with  all  visible  object**  When  ii  multitude  of  atation- 
ary  objects  are  viewed  at  a  distance,  their  rehitive  positiou  will 
depend  upou  the  puhitiou  of  the  obaorver  ;  and  if  the  stiition  of  the 
observer  be  chang'ed,  a  change  in  the  relative  pt>wtion  of  the  objecla 
muat  be  expected  ;  itivJ  if  no  perceptible  ehangi'  ie  produced,  it  must 
be  inferred  that  the  distance  of  the  objects  is  incomparably  greater 
than  the  chsmge  of  position  of  the  observer. 

Let  U3  DOW  apply  theae  retlectkina  to  the  case  of  the  earth 
and  the  stars.  1'he  stars  are  analogous  to  the  masts  of  the  «hips, 
and  the  earth  h  the  station  on  which  the  obsen-er  is  pliiced.  It 
might  have  been  expected  that  the  mftgnitiide  of  the  globe,  being 
eight  thonaand  milea  iu  diEimeter,  would  produce  a  change  of  posi- 
tion of  the  observer  BufGcieDt  to  cause  a  change  in  the  relative 
position  uf  the  stars,  but  we  find  that  such  ia  not  the  cafle.  The 
0tarfi,  viewed  from  oppomte  aidea  of  the  globe,  present  exactly  the 
siune  appearance  j  we  must,  thereforp,  infer  that  the  diameter  of 
the  earth  is  abeolut^ly  nothing  compared  to  their  distance. 

But  the  astronomer  hjis  still  a  muth  larger  modulus  to  fall  back 
upon.  Tie  retlects,  as  haa  been  already  observed,  that  be  is  enabled 
to  view  the  stars  from  two  stations  separated  from  each  other,  not 
by  8000  miles,  the  diameter  of  the  earth,  hut  by  200  millions  of 
miles,  thitt  of  the  earth's  orbit.  He^  therefore,  views  the  heavens 
on  the  1st  of  January,  and  views  them  again  on  the  let  of  Jidy,  the 
earth  having  in  the  meanwhile  pa!M«nl  to  the  opposite  side  of  its 
orbit,  yet  he  finds,  to  his  amazcmeut^  that  the  aspect  is  the  same, 
lie  thinks  that  this  cannot  be  — that  so  great  a  change  of  position 
in  himself  canuot  fail  to  malie  s^mie  change  in  the  apparent  position 
of  the  stars;  —  that,  although  their  general  aspect  is  the  same,  yet 
when  submitted  to  exact  examination  a  change  must  assuredly  be 
detected.  lie  accordingly  resiorts  to  the  use  of  instrumenta  of  ob- 
hervtttion  capable  of  measuriiTg  the  relative  jjositicns  of  the  stai'S 
with  the  liwt  conceivable  prerinion,  and  he  is  more  than  ever  con- 
foimded  by  the  fact  that  still  no  diacoTerablo  change  of  position  is 
found. 

For  a  long  period  of  time  this  result  seemed  inexplicable,  and 
accortliugly  it  formed  the  greatest  ditlicidty  with  astronomers,  in 
twlniilting  the  annual  motion  of  the  earth.  The  alternative  offered 
was  this;  it  was  necessary,  either  to  fall  back  upon  th©  Ptolemaic 
system,  in  which  the  earth  was  stationary,  or  to  suppose  that  the 
immense  change  of  position  of  the  earth  in  the  course  of  half  u 
year;  could  produce  no  discoverable  change  oT  appearance  in  tht* 
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stars;  a  fact  whicli  involve*  tlie  inference  that  tl»e  diameter  of 
the  earth's  orbit  must  "be  a  mere  point  compared  witb  the  distftnc« 
of  the  nearest  stara.  Such  an  idf3a  appeared  bo  iuadmittsible  tbflt 
for  a  long  period  of  time  many  prtilerred  to  embrace  the  Ptolemaic 
hypothesis,  beset  a^  it  was  with  ditlicultiea  and  contradict jona. 

Impmx^wd  melius  of  iristruimental  observation  and  micronietrical 
meaBuremenit,  united  with  the  zeal  and  skill  of  obaervera,  have  at 
length  anniioiinted  these  dilficultiea  j  and  tlie  parallax,  small  in- 
deed but  aldl  capable  of  menaurement^  of  several  stars  baa  been  u^- 
certained. 

169.  Metbods  of  asoertaliUiii  the  parallax  of  fixed  atars. 
— It  will  ejisily  be  imagined  tbot  astronomers  have  diligently 
directed  their  obaers^ation*  to  the  discovery  of  some  change  of  ap- 
parent position,  however  small,  produced  upon  the  sttms  by  the 
narth's  motion.  As  the  atars  must  likely  to  bo  affected  by  the 
motion  of  the  earth  are  those  which  are  nearest  to  the  Bvstem,  and 
iJierefore  ppjbably  which  are  brightest  and  large^t^  it  has  been  U* 
such  chielly  that  this  kind  of  obgiervation  has  been  directed;  and 
since  it  was  certjiin  that,  if  any  observable  QSeci  bo  produced  by  the 
earth's  uiatiou  at  all^  it  mn^t  bo  extremely  small,  the  nicest  ami 
most  delicate  means  of  observatioa  were  those  alone  irom  which  the 
discovery  could  be  expect«d. 

One  of  the  earlier  expedients  adopted  for  the  solution  of  this  pro- 
blem was  the  efection  of  a  telescope,  of  great  length  and  puwer*  in 
a  position  permanently  fixeil,  attachedf  for  example*  to  the  side  of  a 
pit'T  of  solid  m&soniy  erected  upon  a  foundation  of  rock,  Thia  in- 
strument wjia  screwed  into  such  a  position  that  pai-ticular  stars,  oa 
they  crossed  the  nieridian,  would  necessarily  ptw^  within  its  fi(*Id  of 
view.  Micrometric  wires  were,  in  the  uamd  manner,  placed  in  itn 
eye-piece,  so  that  the  exact  point  at  which  the  stars  paaswl  the  nie- 
ridian  each  night,  could  be  observed  and  recorded  with  the  greatest 
precision.  The  instfiiment  being  thus  fixed  and  immovable,  the 
transits  of  the  stars  were  noted  each  night,  and  their  exact  places 
when  they  passed  the  meridian  recorded.  This  kind  of  obaenation 
was  carried  on  through  the  year ;  and  if  the  eerth'a  change  of  posi- 
tion, by  reason  of  its  annual  motion,  ahould  produce  any  effect  upon 
the  apparent  position  of  the  stais,  it  waa  anticipated  that  such  effect 
would  be  discovered  by  these  means.  After,  however,  making  ali 
nllowftnce  for  the  usual  causes  which  affect  the  apparent  position  of 
the  stars,  no  change  of  poaitiou  wa:s  discovered  wliich  could  be  ».«*- 
signed  to  the  earth'd  motion. 

1 70.  Professor  Henderson's  dlseoverr  of  tlie  parallax  of 
n  Centaurl. — Notwithstandiug  the  numerous  difficulties  which 
beset  the  solution  of  this  problem,  by  means  of  observations  nuwle 
with  the  ordinary  instruments^  Professor  Henderson,  dm-ing  hia  reei- 
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Jeuce  as  astronomer  ftt  the  Royal  Obaervatoiy  «t  the  Cape  of  Good 
Hop*,  succeeded  in  niakiii(4^  a  aeries  of  oW'rvatioDa  ujnm  the  slar 
deaignated  rT  in  the  coustellatioD  of  the  Ceutaur,  which,  beiu^'  after- 
wards  submitted  hy  him  tii  tlie  Y>ropcT  reductionH,  ^ave  a  partjllax  of 
about  I''.  Subsequent  ohaenationa  mnde  by  hia  succe&sorf  Mr. 
MadeaTj^  at  the  same  obaervatory,  partly  with  the  same  iustnunentt 
And  partly  with  an  imppoved  and  more  efficient  one  of  the  same 
cloASf  have  fully  confirmed  this  reflult,  gloving  0-9187,  or  ^tha  of  a 
second  aa  the  parallas. 

It  i&  worthy  of  remark,  that  thia  condusion  of  Messrs.  Ilender- 
BOD  and  Maclear  is  coutirmed  in  a  remarkable  manner,  by  the  fiirt 
that  like  observationa  and  computations  applied  to  other  Btum  in  ih^' 
vicioity  of  a  Ceutaui'i,  and  therefore  subject  to  like  aunrnd  caiisein 
of  apparent  displacement,  such  as  the  mean  anniud  varijition  of 
temperature,  gave  no  simiiar  result,  ahowinjj  thus  tlint  the  di.^place- 
ment  found  in  the  case  of  rt  Centauri  could  only  be  ascribed  to  par- 
fdlax. 

Since  the  limita  of  error  of  thia  species  of  observation  affecting  the 
final  result  cannot  exceed  the  tenth  of  a  aecond,  it  may  then  he  ai*- 
etimed  m  proved,  timt  the  parallax  of  a  Centauri  is  about  t'\  and 
ooiiae<|uently  that  it-^  distance  iVoni  the  solar  system  is  such  that 
light  mufst  take  more  than  three  yeara  to  move  over  it. 

171.  FaraUax  of  a  few  stara  ascertalneiL  —  Notwithatandini; 
the  groat  number  of  atara  to  which  instrumeuta  of  obaervation  uf 
unlooked-for  peifection,  in  the  hands  of  the  most  able  and  zetdoua 
observers,  have  been  directed,  the  results  of  auch  laboura  have 
hitherto  been  rother  negative  than  positive.  The  metma  of  ob«er- 
ration  have  been  so  perfect,  and  thwir  application  so  extensive,  that 
it  may  be  considered  aa  proved  by  the  abstmce  of  all  mefu^umble 
displacement  consequent  upon  the  orbital  motion  of  the  efirth  that, 
a  v&jj  few  individual  stars  excepted,  the  vast  multitude  of  ixxliea 
which  compose  the  universe  and  which  are  nightly  seen  glitt^riuif 
in  the  timiameut,  are  at  distances  from  the  solar  system  grtialer  than 
that  which  would  produce  an  apparent  displacement  amountin|?  to 
the  tenth  of  a  second.  This  limit  of  diMtaneeH  i^,  therefmre,  ten  par- 
allactic units,  or  about  two  nulliou  tiuiea  the  space  between  the 
earth  and  sun. 

The  parallax  of  the  followinj?'  stars  has  been  determined 
within  some  detfree  of  probubility  from  the  obHervntiona  of 
JIM.  Hendersion,  Besael,  Krijger,  Struve,  and  C.  A.  R  Petera. 
The  names  and  amount  of  parallax  of  each  stai-  are  a  Centauri, 
0"*976;  61  Cy^Tii,  o"*348;  Lalande  21258,  o"'26o;  Oeltzen- 
Ajgelander  17,415-6,  o"*247;  Groombridgw  1830,  o''*226;  tt 
Lyne,  o""i55;  Siriua,  o'^'ijo;  1  Unwe  Miijoris,  o^'ijjj  Are- 
turua,  o""  1 27  j   Polaris,  o"*o67  ;  aod  Capella,  o"04G. 
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Thp  parallax  of  the  first  nine  of  them  stars  raav  be  considered 
UA  having  been  aw^rtained  with  tolerable  certaint}'  and  pretisiun. 
The  very  smiUl  flmoimt  of  that  of  the  last  two  is  such  na  tu  reader 
it  more  daubtful.  What  is  wrtain,  however,  in  reliitioti  to  these  i% 
that  the  actual  amount  of  th^ir  parallax  ia  lesa  than  the  teDth  of  a 
second. 
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172.  Bffect*  wMcti  wonld  He  prodinced  If  ft  aatelllte  were 
attaobed  %q  thm  amif&ee  of  tlie  «artli  at  tbe  equfttor,—  If  tho 

earth  were  attended  by  a  second  sat'ellite,  revohiniur  dote  to  ita  sur- 
face and  in  the  plane  of  its  ec[uatcjr,  the  periodic  time  of  the  satellite 
woidd  be  considerahly  lea*  than  that  of  the  moon,  in  a  ratio  which 
ia  easily  ascertained. 

But  mich  11  satellite  would  be  aubject  to  the  dij^tnrbing  action  of 
tho  Bun,  which  would  produce  in  its  orbit  inequalities  siiniluT  in 
kind  to,  hut  dillm^ntLn  magnitude  frum,  those  produced  by  the  Hun's 
dis^tiirliinif  force  on  the  moon's  orbit.  Ita  nodes,  that  h,  the  equi- 
iioxinl  pointa  (infwmuch  as  ita  orbit  b  by  the  «ippos>ition  the  ph 
of  the  eqiuatix)^  would  receive  a  slow  reifreasivti  motion  ;  and  its 
inclination,  that  in,  the  obliquity  of  the  ecliptic,  would  be  aiibject 
to  a  varifttioa  whose  period  would  depend  on  that  of  the  Buc4::ee«ive 
returns  of  the  sun  to  the  same  equiaoxial  point. 

Thifl  natellite  would  also  he  suhject  to  the  disturbing  action  of  the 
moonj  which  would  allect  it  in  a  miimier  ne/irly  similar ;  sine«,  in 
that  caae  al«o,  the  disturbing  body  would  be  extt^rior  tn  the  disturbed. 
It  would  impart  to  the  lin&  of  nodea  of  the  supposed  satellite,  that 
is,  tt>  the  iut'er*?ectioii  of  the  phuie  of  ita  orbit  with  the  phme 
of  the  earth 'a  equator,  a  retru^Twde  nmtion  upon  the  tormer  plane  ; 
and  »ince  that  plane  in  inclined  at  a  very  small  ao|5lu  to  thw  plane 
of  the  ecliptic,  this  would  prudiice  a  like  retrogi-ade  motion  of  the 
equinoxial  pointii  upon  the  ecliptic, 

A  variation  of  the  inclination  of  the  plane  of  the  equator  to  that 
of  the  moon's  orbit»  and,  theretore,  to  the  pliin*^  of  tho  ecliptic, 
would  also  be  produced,  the  period  of  which  woidd  depend  on  the 
inoon*s  motion. 

But  the  moon^s  orbit  would  aleo  be  disturbed  by  theattmctiou  of 
the  flupposed  wttellite,  A  regresaive  motion  would  h*!  imparted  lo 
the  line  in  which  the  plane  of  ita  orbit  intersects  tbat  of  tho  equator, 
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sad  a  periodical  Tsriation  of  inclinHtioa  would  likewise  be  produced, 
dependinsf  on  tiie  pmod  of  the  supposed  satellite, 

I^et  us  now  imagine  that  the  supposed  satellite,  instead  of  revolv- 
ing in  A  fehort  period,  movea  with  a  much  slower  motion,  and  revolvt-a 
in  23  hours  and  56  iiiiDtitefl,  the  time  of  the  tnirtb'w  rotation.  The 
ine^jualities  which  it  sulft?ra  and  which  it  produces,  will  then  ho 
changed  only  in  their  magTiitudea  and  pericwls»  Imt  will  retain  the 
same  genoral  character.  But  the  supposed  aatellito  now  haviag  the 
aam(5  motion  precisely  as  the  surface  of  the  e^irth  close  to  which  it 
iH  placet!,  may  bo  imagined  to  adhere  to  that  »urfac€»,  eo  aa  to  form, 
in  fact,  a  part  of  the  earth,  without  in  any  way  deitrngTug*  the  con- 
cluflions  which  have  h-et?n  deduced  above, 

173.  Ziik«  effeots  woiiia  be  pro  dace  il  by  uay  Dumlier  of 
Aueb  aatolUtes,  or  wbat  would  be  eqnlvftleBtv  hj  tbe  »P'be- 
roldol  form.  —  But  the  same  obsij-rvations  would  be  equally  appli- 
cable to  any  number  of  satellites  similarly  placed  and  aimilarly  mov- 
ing, which  might,  therefore,  be  imagined  to  be  ■successively  attached 
to  the  surface  of  the  globe  at  and  near  the  e<iuator,  until  such  a  pro- 
tuberance would  be  formed  upon  rt,  as  would  in  effect  convert  it  into 
the  form  of  au  oblate  spheroid,  auch  as  the  form  of  the  earth  m 
known  to  be. 

It  is,  however,  to  be  further  considered,  that  the  effects  of  the  dis- 
turbing forces  which  thus  act  upon  thia  protuberant  mutter,  are 
nticeaaiitily  modified  by  the  inertia  of  the  spherical  mass  within  it, 
to  which  it  ifl  iuwgined  to  be  attached.  The  protuberant  masa 
which  alone  is  acted  on  by  the  disturbing  forcee,  caoitot  obey  ajiy 
action  of  these  forces,  without  dragging  with  it  this  yast  apherical 
maas  to  which  it  ia  united.  The  motions  and  changes  of  motion, 
therefore^  which  it  receives,  will  be  rendered  slower  in  proportion 
to  the  maas  with  which  such  motions  must  be  shared. 

These  obser\*atioiiH  are  obviously  applicable  equally  to  any  of  the 
other  planets,  which  being  attended  by  satellitesj  have  the  spheroidal 
form. 

J  74.  FrecoBalon  of  tli«  equiaoKov* — Since,  therefore,  we  may 
consider  the  sphcruidal  pratubcrancti  round  the  terrestiinl  equator  aa 
a  satellite  attached  to  the  earth,  it  will  follnw  that  the  general  elllect 
of  the  eiia'adijsturbirjg  force  acting  upon  it,  will  be  to  impart  to 
ita  nodes,  that  ia,  to  the  equinoxial  poiuts,  a  retrograde  motion, 
which  will  be  much  slower  than  that  which  they  would  receive 
from  the  aanio  cauae.  if  tbb  protuberant  matter  were  not  eonipelled 
to  carry  with  it  the  maaa  of  the  earth  contained  within  it. 

The  moon  exercirses  a  like  disturbing  fr^rce  which  pnxlucesi  a  like 
regreaftion  of  the  nodcij  of  the  equator  on  the  moiin's  orbit:  and  that 
orbit  being  inclined  at  a  gmall  angle  to  the  e('lipticj  thid  is  atttruded 
with  a  like  regresaion  of  the  equinoxial  |K>iBta. 
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The  mean  anDttal  regraasion  of  the  equinoxial  pninta  upon  th« 
plane  of  the  ecli])tic  aiislng  from  these  causes,  ia  50"' i. 

175.  ?tie  sun  returns  €0  tlie  ediulnoxJal  point  before  com- 
ptetln^  lt«  reirolutioiA.  —  Sinot<  thti  equiiioxiftl  puinls  thus  movo 
backwardd  on  tlie  ucliptic,  it  follows  that  the  mm,  after  it  haa  in  its 
nonual  course  pussed  round  tlio  feeliptic,  will  arrive  at  either 
eqiiiiinxiul  p<>int  Iwfore  it  h&a  made  a  complete  revolution.  Tlio 
eqniiioxitil  jioiiit  being-  50'''!  behind  the  position  it  had  when  the 
sun  started  from  it,  the  ann  will  return  to  it  after  having-  juiovlhI 
thn)u*j:h  50''' I  \eM  than  it  con^plete  revolution.  But  since  the 
mean  hoiii'ly  appitrpnt  motion  of  the  aim  is  t47'"*8,  it  follows  that 
the  centre  of  the  8iiu  will  pi*tum  to  the  equinoxial  point,  20"*  20**3 
before  completing  ita  revolutiun, 

176.  ZqalDozlal  and  sldereaS  year.  —  Hence  is  explained  the 
fact,  thflt  while  the  8i(h?real  year,  or  actual  revolution  of  the  ejirth 
wund  the  !*au,  ia  565*  6''  9™  lO'jS,  the  equinoxial  revolution,  or 
the  time  between  two  successive  equinoxes  of  the  same  name,  is 
365**  5"  48"*  50*4,  the  latter  being  le«s  than  the  foi-mer  by  zo^io*. 

The  succesaive  returns  of  the  sun  to  the  same  equinoxial  point 
TiiuBt,  therefore,  always  firecede  its  return  to  the  some  point  of  the 
ecliptic  by  ^o*"  20*  of  time,  and  by  50"- 1  of  space. 

177.  9eriod  of  tbe  precession. — To  determine  the  period  in 
which  the  equinoxial  points  movinjif  backwards  constantly  at  this 
mf'^n  rate  would  make  a  complete  revolution  of  the  ecliptic,  it  is 
only  necessary  to  find  how  oilmen  50"*!  must  be  repeftted  to  inako 
up  360*^,  or,  Avhat  is  the  same,  to  divide  the  number  of  aeconds  in 
360*^  by  50-1,  which  g-ives  2  J, 868  years. 

I  78.  Its  effect  upon  the  lonff:itudes  of  celestial  objects. — ^ 
Althouj^h  this  motion,  glow  as  it  is*,  i«  eiisily  dek-cted  from  year  to 
year  by  modem  instrumeota,  it  was  not  until  the  sixteenth  century 
that  it8  precise  rate  was  aacertained.  Small  aa  is  ita  annutd  amomit, 
iw  accumulation,  continued  from  year  to  year  fur  a  long  period  of 
time,  causes  a  great  displaccmeut  of  all  the  object*  in  the  heavens, 
in  relation  to  the  equinoxial  points  fTom  which  longitudes  and  right 
ascengions  are  rae-asured.  In  7 1  -6  years,  the  equinoxes  retroprade 
l**,  and  therefore,  in  that  time,  the  longitudes  of  all  celeatijd  ohject** 
of  fixed  position,  such  aa  the  stars,  have  their  longitudes.  aiij;iueate<i 
!**•  Since  the  formation  of  the  earliest  catalogues  in  which  the 
poflitions  of  the  fixed  stars  were  registered,  the  retrogression  of  the 
equinoxial  points  has  amounted  to  30°,  so  that  the  present  longitudei^ 
of  all  the  objecta  conaignod  to  these  catalogues,  ia  30°  greater  than 
those  which  are  there  assigned  to  them. 

1 79.  Precession  of  equinoxes  produces  a  rotation  of  tbe 
pole  of  tbe  equator  round  tbat  of  tbe  eollptio.  —  If  two  tlia:ii!'- 
teris  of  the  celestial  sphere  be  imagined  to  hv  drawn,  one  perpei 
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di(*iilttr  to  the  plane  of  tho  equator  and  the  other  to  thut  of  the 
I'cliptic,  the  Angle  included  belwoen  them  will  obviously  be  equal 
to  the  An^le  under  the  equator  and  Gclipticj  and  since  the  extremities 
of  these  diamiPters  are  the  poies  of  the  equator  and  ecliptic,  it  follows 
thitt  tjie  HFC  of  the  heavens  included  between  these  poles  is  equal 
to  the  ohiiquity  of  the  ecliptic. 

But  stnre  a  plane  passing  through  these  diametera  is  at  rigrht 
AnjBfles  both  to  the  equator  and  ecliptic,  the  line  of  equinoxes  or  the 
intersection  of  the  planes  of  the  equator  and  ediptic,  will  b«  at 
right  nnffles  to  that  plane.  If,  therefore,  the  ©quinoxial  points 
revolve  round  the  ecliptic  in  a  retrograde  direction,  it  follows 
that  the  plane  passinjjf  through  the  disimeters  abore  mentioned,  and 
through  the  poles  of  the  two  circles  to  which  the  line  joining  theso 
point*  isftt  right  angles,  will  revolve  with  a  like  motion*  round 
thut  dinmeter  of  tlie  sphere  which  is  at  right  angles  to  the  plane  of 
tlie  ecliptic,  and  which  therefore  terminates  in  its  poles.  But  since 
the  pole  of  the  celestial  equator  is  upon  this  circle  at  a  distance 
from  the  pole  of  the  ecliptic  equal  to  the  obliquity  of  the  ecliptic, 
it  fallows  that  the  pole  of  the  equator  will  be  carried  round  the 
pole  of  the  ecliptic,  in  a  Icgser  rircle  pamllel  to  the  plane  of  thn 
*^diptic,  with  a  retrograde  motion  exactly  equal  to  that  of  the 
equinoxifll  points. 

1 80.  Sl»taiioe  of  pole  of  eqafttor  from  pole  of  «Qllptle 
▼aries  wltti  iu«  aHitqaitr.  —  And  since  the  distance  of  the  pole 
of  tlie  cquntor  frtim  that  nf  tlie  ecliptic  must  always  be  exactly 
equal  t<i  the  obliquity  of  the  ecliptic,  it  follows  that  every  change 
which  may  take  place,  Irom  whatever  cause,  in  the  position  of  the 
plane  of  the  equator^  whether  the  change  litfTuct  the  angle  nt  which 
it  is  inclined  to  the  ecliptic,  or  the  position  of  the  eqiunoxinl  point"*, 
must  he  attended  with  a  corresponding  change,  eitht^r  in  the  np- 
paieut  distance  of  the  pole  of  the  equator  from  that  of  the  erliptic, 
or  in  the  mte  or  dini.-tioa  of  the  motion  of  the  latter  TOund  the 
former. 

181.  Fol©  star  ▼«!«>  from  9^9  to  mf^*  —  As  the  pole  of  the 
equator  is  ciiirricd  wi  ih  tb  ia  slow  motion  round  the  pole  of  the  ecliptic, 
its  position  for  all  populiir,  and  even  for  some  scientitic,  purposes  is 
usually  indicated  by  the  nearest  conspicuous  stAr,  for  it  rarely 
hiipj>t'ns  that  any  such  star  is  foimd  to  coincide  with  its  exfict  place. 
Such  star  is  the  pole  star,  for  the  time  being;  and  it  is  clear  from 
this  motion  of  the  pole,  that  the  pole  stiir  must  neoessiirily  change 
from  age  to  age. 

The  present  polar  star  is  a  star  of  the  second  magnitude  in  the 
constellation  called  the  "  Lesser  Beiar,"  and  its  present  distunce 
from  the  exact  position  of  the  pole  ia  i"  26'. 

The  motion  of  the  pole  u  abore  described,  however,  ia  such 
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that  this  difltance  is  gradually  diminishing,  and  will  continue  to 
diminisb.  until  it  ia  reduced  to  about  half  a  dejm?G;  after  whicli  it 
will  intTeaae^  and  after  the  lapse  of  a  long  ppriod  of  time,  the  pole 
will  depftrt  from  thb  star,  and  it  will  cease  to  bear  the  name^  or 
Benre  the  purposes,  of  a  pole  star. 

1 8  z.  FonneT  and  fbture  pole  stars.  —  If  upon  any  star-map  a 
circle  be  traced  round  the  fo\e  of  the  ecliptic  at  a  diatfmce  from  it 
of  23°*5»  such  circle  will  pass  through  all  positions  which  the  jjole 
of  th«  equator  will  have  in  time  to  come,  or  has  had  in  time 
past;  and  it  will  then  be  easily  seen  which  are  the  conspicuous! 
atara  in  whose  neip:hbourhood  it  will  ptiwi  in  after  ageSf  and  near 
which  it  has  paased  in  past  anppa,  and  which  will  become  in  future, 
or  have  been  in  past  times,  the  pole  star  of  the  age. 

In  1 2,000  years  from  the  present  time,  for  example,  it  will  be 
found  that  the  pole  will  pass  within  a  few  degrees  of  the  star  of 
the  first  maj2Tiitude  in  the  consteUation  of  **  LjTa/*  called  it  hyrtp^ 

In  tracinj^  hack  in  the  same  manner  the  position  of  the  pole 
among  the  stars,  it  is  found  that  at  an  epoch  3970t  or  nearly  4000 
years,  before  the  present  time,  the  pole  was  55°  15'  behind  its 
present  position  in  longitude;  and  at  this  time  the  nearest  bright 
star  to  it  was  the  star  7,  in  the  consteUation  of  *' Draco."  The 
distance  of  this  star,  at  thai  time^  from  the  pole  must  have  been  3° 

+4'  »5". 

183..  memmrkable  clTCtuaBtance  connected  wltli  tbe  |»jTa* 
inlds.  —  lu  tiie  r^itearches  which  have  been  made  in  Ej^'pt,  a 
somewhat  remarkable  circumstance  liaa  been  discovered,  having 
relation  to  this  subject. 

Of  the  nine  pyramids  which  still  remain  standing  at  Gizeh,  nix 
have  openings  presented  to  the  north,  leading  to  atraight  passages 
which  descend  at  an  incLmation  vaning  from  26°  to  27**,  the  axes 
of  the  passages  being-  in  all  cases  in  tbe  plane  of  the  meridian  of 
the  pywiniid.  Two  pyramida,  still  etanding  at  Abousseir,  have 
similar  openings  leading  to  passages  having  similar  directions. 

Now,  if  we  imagine  an  observer  stationod  at  tbe  Ijottora  of  any 
*if  these  passages,  and  looking  out  along  its  ax^ia  as  he  would  look 
through  the  tube  of  a  telescope,  his  view  will  be  directed  to  a  point 
upon  the  uortheni  meridian  of  the  place  of  the  pyramid  at  an  alti- 
tude of  between  26°  and  27'',  corresponding  with  the  slope  of  the 
passage.  This  is  precisely  the  altitude  at  which  the  star  y  Draconis 
must  have  passed  the  meridian  below  tbe  pole,  at  the  date  of  5970 
years  before  the  present  time,  allowing  for  the  difference  of  position 
of  the  pole  accoixling  to  the  principle  affectinff  the  precession  of  the 
equinoxes  explained  above.  Now,  tbe  date  of  the  construction  of 
the  pyramids  corre^pondB  almost  exactly  with  this  epoch  \  ami  it 
cannot  be  doubted,  that  the  peculiar  direction  given  to  these 
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pnsfliigefi  must  have  had  reference  to  the  position  of  y  Bmconisj  the 
pole  fitor  of  thiit  a^e. 

1 84.  iratatlon.  —  The  regnnesaion,  already  pxplaint^d,  of  the  equt- 
nmial  point*  upon  the  ecliptic,  murt  he  «nderstix)d  an  their  nie&n 
change  of  place  produced  hj  the  disturhiiag  forces  of  the  eun  and 
moon  upon  the  protuherant  matter  of  the  equator  in  lon^  i>L'riodi*  of 
time.  But  this  rejujeHsion  ia  not  produced  at  a  uniform  rate.  The 
disturbing  forces  vary  in  their  actions  accordiup  to  the  general 
prindple*  already  explained^  with  the  anjiflefl  formed  by  Hnea  drawn 
from  the  8\m  and  moon  to  the  centre  of  the  earth  with  the  plane  of 
the  equator.  So  far  as  relateia  to  the  sun,  this  variation  in  its  eflect 
goos  throujrh  all  ita  cbangiea  within  a  year.  In  the  ca#e  of  the 
moon,  it  will  obviously  vary  from  month  t^o  month  and  from,  year 
to  yew,  with  the  change  of  position  of  the  moon's  nodes;  and  aa 
theae  nodes  have  a  regresAive  motion  making  a  complete  revolution 
in  ahout  nineteen  years,  the  variation  of  the  effect  of  the  nioou'a 
disturbing  force  will  pass  through  all  ita  change  within  that  period. 
The  rcgreaaivG  motion  imparted  to  the  equinoxial  points,  and  also 
to  the  pole  of  the  equator  in  moriug  round  the  pole  of  the  ecliptic, 
aa  already  described,  by  the  sun  and  moon,  is  therefore  subject  to 
an  alternate  increase  and  decrease,  w  hose  period  is  11  year  far  the 
aun,  and  nineteen  yeara  for  the  moon. 

But  these  are  not  the  only  effects  produced  upon  the  position  of 
the  pole  of  the  equator  by  the  disturhing  action  of  the  moon  and 
sun.  According  to  the  effects  of  the  orthogonal  component  of  the 
disturbing  torce^  it  will  he  easily  underatood  that  the  protuberant 
matter  of  the  equator  being  regarded  as  a  satellite  disturbed  by  th© 
sun  and  moon,  the  inclination  of  the  plane  of  the  equator  to  the 
elliptic  will  be  subject  to  a  variation  proceeding  fnmi  the  disturb- 
ing force  of  the  sun,  whose  period  will  be  a  year ;  and  its  inclina- 
tion to  the  plane  of  the  moon's  orbit  will  be  subject  to  a  like 
variation  whose  period  is  about  nineteen  years.  These  changes 
of  the  inclination  of  the  plane  of  the  equator  to  that  of  the 
(«ltptic  and  the  moon's  orbit  will  be  attended  with  a  correspond- 
ing' motion  of  the  pole  of  the  equator  to  and  from  the  pole  of  the 
ecliptic. 

This  idtemate  approach  and  recess  of  the  pole  of  the  equator  to 
and  from  the  pole  of  the  ecliptic,  combined  with  the  alternate  increase 
and  decrease  of  its  regressive  motion,  is  called  the  nutation  ;  that 
part  of  it  due  to  the  sim  being  called  the  golar  rndaiion  ;  and  that 
due  to  the  moon,  the  Innnr  mftuiion. 

The  solar  nutation  is  an  inequality  of  so  small  amount  as  alto- 
gether to  escape  obj?er%'ation,  and  therefor©  must  be  looked  .upon  to 
have  a  merely  theoretical  existence. 

It  is  otherwise,  however,  with  the  lunar  nutation.    By  the  dtei- 
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nate  inr«r«»n.*o  and  dcrronse  of  the  regressive  motion  of  the  polfl, 
rtmiljtuetl  with  ila  ftlt«miite  approach  and  rece&a  to  and  from  th& 
p*ole  of  the  i-rli]>lic,  the  pole  ia  moved  in  auch  &  manner  lliat,  if  it. 
wcrtj  iiflected  only  hy  the  diHturhinit!:  forct 
of  I  lie  moou,  it  would  descrih*  an  ellipse 
8iu:h  as  A  n  c  D,  Jit/.  48  :  the  major  axis  of 
which  woidd  Imu  in  the  direction  a  e  of  the 
poh^  of  the  ecliptic,  and  wonld  measure 
1 8"*^,  whilfi  tlni'  minor  axis  would  \w  at 
ri^ht  angles  to  this  direction,  and  would 
nuifl.^iui'e  ]  3 "74. 

Hut  wliiJe  the  pole  of  the  cKjuator  de- 
sci-ihes  thiH  ell  ipso  cOTOpletinir  its  revolution 
in  nineteen  ^'ears,  it  is  tamed  hy  the  common 
motion  of  preceftsion,  in  a  I'etrogrode  direv- 
tion.  as  already  described^  at  the  mte  of 
50"- 1  in  eaoh  year,  and  will,  therefore,  in 
nineteen  yenrs  b<j  carried  throii;^h  15 ''5  in 
itfl  motion  round  the  pole  of  the  equatj^r. 
Xow,  by  eomhiuing  this  motion  with  the 
elliptic  motion  already  described,  it  will  be 
easily  seen  that  the  pr)le  of  the  equator 
wonld,  in  revolving  round  the  pole  of  the 
ecliptic,  alteiTiBtely  approaching  U}  it  and 
receding  from  it  through  g'^'Z^,  descrilie 
an  nndulating  line  such  as  is  repreaented  in 
Jiff  49,  where  r  repres^-nta  the  pole  of  the  ecliptic. 

185.  SquAtloa  of  Uie  eqainoxes.  —  Since  the  regression  of  the 

equinoxes  does  not  take  place 
at  an  uniform  rate,  but  ia  subject 
to  variations,  alternately  in- 
creaaing  and  decreasing  during 
every  nineteen  years,  itfi  true 
plac«  will  differ  from  itii  mean 
place.  K  we  coneeire  an  ima- 
ginary equinoxial  point  moving 
backwtirtl,  with  an  uniform  mo- 
tion at  the  rat©  of  50"*!,  the 
place  of  &uch  point  would  he  the 
mean  place  of  the  equinoxial 
point.  The  true  place  would 
varj-from  this,  preceding  it  when 
thtJ  disturbing  force  augments 
the  rate  at  which  the  equinoJtial  point  moves,  and  falling  behind  it 
when  it  decreases  that  rate. 
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The  diatAnce  between  the  true  ood  unftgbAry  equinoxial  pomte 

is  CilUed  the  equation  of  TBCB  £QUII70X£8. 

Thfl  mean  place  of  the  ejjiiinox  for  nny  proposed  time  is  given  bj 
tables ;  and  the  eq^uation  of  the  eqiiinoiea  for  the  propoaed  time 
gives  the  quaiitity  to  be  added  to,  or  subtracted  fiom,  the  mean  plttoe^ 
to  find  tlie  tnie  place. 

1 86.  Proportion  of  tli«  ineaB  preeeftsion  due  to  tHe  dls- 
tuvbinr  forces  of  the  moon  and  sun.  —  If  the  entire  amoimt  of 
the  mean  precession  in  a  given  time  be  eipres&ed  by  7,  the  part  due 
to  the  moon  will  be  5,  and  that  due  to  the  sun  wDl  be  2. 

187,  Kike  effect*  produced  In  tlie  cajte  of  other  pliuiets. — 
These  distiirbingr  effect'^  protlucod  upon  the  plane  of  the  planet's 
equator,  are  not  confined  to  the  cjise  of  the  earth,  AM  the  planets 
which  have  the  spheroidal  form,  are  subject  to  aimilar  effects  from 
the  Biin'a  attraction  on  their  equatorial  protuberance,  the  magnitude 
of  these  effects  being,  however,  leas  as  the  distance  from  the  sun  is 
increased.  In  the  case  of  the  major  planets^  the  sun^s  disturbing 
action  on  the  planet's  equator,  proceeding  fram  this  cause,  will  be 
altogether  insenaible. 

The  disturbing  forces  of  the  satellites  exerted  upon  the  plane  of 
the  equator,  in  the  cases  of  the  major  planets,  however,  must  be 
considemMe  in  magnitude,  eapeciallj  so  far  as  relates  to  the  inner 
satellitea,  and  very  complicated  in  its  character,  the  precession  and 
nutation  of  eanh  of  the  satellites  separately  being  combined  in 
affecting  the  actual  position  of  the  pole  of  the  planet. 

Since,  however,  the&e  phenomena  are  necesBarily  local,  and 
manifested  only  to  observers  on  the  planet,  they  offer  merely  spe- 
culative interest  to  the  terrestrial  astronomer. 
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1 88.  The  moon  an  ohject  of  popular  Interest.  ^ — Although 
it  be  in  mere  magnitude,  and  physically  considered,  one  of  the  most 
insignificant  bodies  of  the  sobu  flvstem,  yet  for  various  reasons,  the 
MOON  has  always  been  reganled  by  mankind  with  feelings  of  pro- 
found interest,  and  has  been  invested  by  the  popidar  mind  with 
various  influences,  affecting  not  only  the  physical  condition  of  the 
globe,  but  also  the  phenomena  of  the  organised  world.  It  has  been 
as  much  an  object  of  popular  superstition  as  of  scientific  observa- 
tiou.     These  circumstaoces^  doubtless,  are  in  some  degree  owing  to 
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its  stariking  appefirance  m  the  firraament,  to  tlie  Tarlous  chaiBgea  of 
form  to  wliich  it  ia  aiibjectj  and  above  all  to  ita  proximity  to  the 
eartli,  and  the  dose  alliance  between  it  and  out  planet. 

189.  Its  mstaii«e.  —  The  distance  of  the  moon  from  the  earth 
is  aaanmed  t^  be  about  tliirty  timea  the  earth's  diameter,  or  in 
round  numbners  238,800  milea. 

190.  linear  value  of  i'^  on  lu — The  linear  rain e  which  cor- 
responds to  the  visual  angle  of  on©  second  of  space  on  the  aurfi 
of  the  moon  ia  I  'l  58  mile."  Any  space,  therefore,  upon  the  moon, 
measured  by  its  vi&iial  angle,  can  be  reduced  to  its  actual  linear 
Taloe,  prorided  its  direction  be  at  riffht  angles  to  the  risual  ray, 
which  it  will  be  if  it  he  at  the  centre  of  the  lunar  disk.  If  it  b© 
between  the  centre  and  the  edg:es  it  will  be  foreshortened  by  the 
obliquity  of  the  moon's  surface  to  the  line  of  vision,  and,  conse- 
qnently,  the  linear  value  thus  computed  will  be  the  real  linear 
value  diminished  by  projection,  wUieli,  however,  can  be  easily 
allowed  for,  so  that  the  true  linear  value  can  be  obtained  for  every 
part  of  the  lunar  disk. 

191.  Its  apparent  and  real  diameter.— The  apparent  dia- 
meter of  the  nxoon  ia  subject  to  a  slight  variation,  owinfj^  to  a  cor- 
responding variation  due  to  the  small  ellipticity  of  its  orbit.  Ita 
mean  value  is  found  to  bo  31'  9"" 5  8,  or,  Irom  the  most  exact 
methods,  z  1 64  miles. 

Since  the  superficial  mag^nitude  of  spheres  is  ns  the  squares,  and 
their  volume  or  solid  bulk  as  the  cubes,  of  their  diameters,  it  follows, 
that  the  superficial  extent  of  the  moon  is  about  the  fourteenth  part 
of  the  surface,  and  its  volume  about  the  forty-ninth  part  of  the 
bnlk,  of  our  globe. 

192.  .apparent  and  real  motlonii  —  The  moon,  like  the  sun^ 
appears  to  move  upon  the  celestial  sphere  in  a  direetinn  contrary  to 
that  of  the  diurnal  motion.  Its  apparent  patb  is  a  great  circle  of 
the  sphere,  inclined  to  the  ecliptic  at  an  angle  of  about  5°  8'  48". 
It  completes  ita  revolution  of  the  heavens  in  27**  7**  4^"". 

This  apparent  motion  is  explained  by  a  real  motion  of  the  moon 
round  the  earth  at  the  mean  distance  above  mentioned,  and  in  the 
time  in  which  the  apparent  revolution  is  completed, 

193.  Hourlj  motioo*  apparent  and  real.  —  Since  the  time 
taken  by  tho  moon  to  make  a  complete  revolution,  or  560°  of  the 
heavens,  is  27^  7''  43",  or  655**72,  it  follows,  that  her  mean  ap- 
parent motion  per  day  is  13°  10'  35",  and  per  hour  is  32'  56", 
which  is  a  little  more  than  her  mean  ftppar€nt  diameter.  The  rato 
of  the  moon's  apparent  motion  on  the  filament  mny  therefore  be 
remembered  by  the  fact,  that  she  moves  over  the  length  of  her  own 
•ppmnent  diameter  in  an  hour, 

•  For  the  methoil  of  determining^  the  Baear  valoe  of  an  arc  of  l°,  1',  or  i' 
at  a  distant  object,  §ev  Chapter  XXI IL 
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Since  the  lineAr  value  of  i"  at  the  moon's  distance  b  r  1 58  milej, 
the  linear  value  of  i'  is  69  milea,  and,  consequently,  the  torI  motion 
of  the  moon  per  hour  in  her  orbit,  ia  2l8g  miles.  Iler  orbiti^l 
motion  ia  therefore  at  the  rate  of  36ir  mika  pyr  minute. 

tgj^  Ort>lt  elU|itical.^ — Although  in  its  gtmeml  form  and 
charm.*tor  th»j  putk  of  t  hu  moon  round  the  e«rth  is,  lilte  the  orhita 
of  the  planets  and  Mt^^-llites,  eirculai*,  yet  when  suhmitted  to  aecn- 
rate  obj*urs'atioD,  we  find  that  it  19  atrictly  an  ellipse  or  oval,  the 
centra  of  thfi  earth  ocfupyitig;  one  of  it:*  foei.  Thia  fact  can  be  as- 
certained by  immediate  obgervation  upon  the  apparent  nrngnitude 
of  the  moon.  It  will  be  easily  comprehended  that  any  change 
which  the  apparent  magnitndej^  aa  aeen  from  the  earth,  undergoes, 
must  arise  from  correapondinjj  changes  in  the  moon*8  distance  fmm 
us.  Thus,  if  nt  OTiH  time  the  disk  of  the  moon  appears  larjrer  than 
at  another  time,  an  it  cannot  be  auppoaed  that  the  actum]  size  of  the 
moon  itself  could  be  changred,  we  con  only  ascribe  the  increase  of 
the  apparent  m«grnitude  to  the  diminution  of  itd  distance.  Now  we 
find  by  obsen'ation  that  auch  apparent  changea  are  actually  observed 
in  its  monthly  course  around  the  earth.  The  moon  is  subject  to  a 
aniall  though  perceptible  variation  of  apparent  aisse.  We  find  thfit 
it  dtminiwhea  until  it  reaches  a  minimum,  and  then  gradually  in- 
creases until  it  roaches  a  maximum. 

When  the  apparent  majj^iitude  ia  least,  it  ia  at  its  greatest 
distance,  and  when  grcatoatj  at  its  least  diritance.  The  poailiona 
in  which  these  distances  lie  are  directly  opposite.  Between 
these  two  positions  the  apparent  size  of  the  moon  xmdergoes  a 
reji:ular  and  gradual  change,  increasing  continually  from  its  mini- 
mum to  its  maximum,  and  conseq^uently  between  these  positions 
lis  distance  must  pradu^tlly  diminish  from  its  maximum  to  its 
minimum*  If  wo  lay  down  on  a  chart  or  plan  a  delineation  of 
the  course  or  path  thus  determined,  wo  shall  find  that  it  will  re- 
presumt  an  oval,  which  differs  however  very  little  from  a  circle; 
the  phice  of  the  earth  bein^  nearer  to  one  end  of  the  ovid  than  the 
other. 

195.  Moon's  aLTi«id««  —  apogee  and  perigee — ^progTeaaioD 
of  the  apalde*.— The  point  of  the  moon's  path  in  the  heavens  at 
%vhich  itg  magnitude  appears  the  jrreatest,  and  when,  thervfore,  it 
ia  nearest  the  earth,  is  called  its  teuioee  ;  aiid  the  point  where  ita 
apparent  size  is  least,  and  where,  therefore,  its  distance  from  the 
earth  ia  greatest,  ia  called  its  apogee^  These  two  points  are  called 
the  moon's  apsides. 

If  the  positions  of  these  points  in  the  heavens  be  observed  ac- 
curately for  a  lengrth  of  time,  it  will  bo  found  that  they  are  auhject  to 
a  regular  chim^jfe  ;  that  is  to  say,  the  place  where  the  moon  appear*? 
emollest  will  everj'  month  shift  its  position  j  and  a  corresponding 
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chnnge  will  take  place  in  the  point  where  it  appeara  lai^est.  The 
movement  of  these  points  in  the  lieavene  is  found  to  bo  in  the  san^e 
diTOction  as  the  general  movement  of  the  planets;  that  is,  trom 
we«t  to  east,  or  prog^ssive,     This  phenomenon  ia  calltjd  the  pro- 

GaESSlON  OF  THE  MOON'8  APSEDES. 

The  Tate  of  thia  progression  of  the  moon'a  apsidea  makes  a  com- 
plete revolution  in  a  aimilar  direction  as  the  motion  of  thw  nioon^  in 
3232-5753  mean  solar  (kvs,  or  nearly  nine  years. 

196.  Moon's  nodes  —  ascending-  and  descending  node  — 
their  retrorresfilon.  — If  the  position  of  the  lunon's  centre*  in  llie 
heavens  he  ohderved  from  day  k>  <Iay,  it  will  be  found  that  its 
apparent  path  is  a  jpfi-eat  circle,  making  an  angle  of  about  5^  with 
the  ec'Hptk.  Thia  path  consequently  crosses  the  ecliptic  at  two 
points  in  opposite  quarters  of  tlie  heavens.  These  pointa  are  called 
the  moon's  nodes.  Their  positions  are  ascertAined  by  observing^  frtim 
time  to  time  the  dist^ace  of  the  moon's  centre  from  Uie  ecliptic, 
which  is  the  moon's  latitude ;  by  wat-ehiug  its  gmiduol  dimimitiou, 
and  finding:  the  point  at  whieh  it  becomeii  nothing;  the  moon's 
centre  is  then  in  the  ecliptic,  and  its  position  is  the  node.  The  node 
at  which  the  moon  passes  fi"om  the  south  to  the  north  of  the  ecliptic 
is  cfiUeti  the  ascexbing  xode,  and  that  at  which  it  paasea  from  the 
north  to  the  eoatb  Ls  called  the  descexdixo  jtode. 

These  points,  like  the  apsides,  are  subject  to  a  small  change 
of  position,  but  in  a  retrograde  direction,  They  make  a  complete 
revolution  of  the  ecliptic  in  a  direction  contrary  to  tha  motion  of  the 
BOD  in  1 86  years,  being  at  the  rate  nf  3^  io"'6  per  day. 

197.  Rotation  on  Its  axis. — While  the  moon  moves  roimd  the 
earth  thus  in  ita  monthly  course^  we  lind,  by  obaervatioDS  of  its 
Appearance,  mode  even  without  the  aid  of  telescopes,  that  the  same 
hemisphere  is  always  turned  townrds  ua.  We  recognise  this 
fact  by  ol^serving  that  the  soime  marks  are  always  seen  in  t!ie 
same  positions  upon  it.  Now  in  order  that  a  j^lobe  which  revolves 
in  a  circle  around  a  centre  should  turn  continually  the  same 
hemisphere  towards  that  centre,  it  ia  necessary  that  it  should  make 
one  revolution  upon  its  axis*  in  the  time  it  takes  so  to  revolve. 
For  let  u.1  suppo.se  that  the  globe,  in  any  one  position,  has  the 
centre  round  which  it  revolves  north  of  it,  the  hemispliere  turned 
toward  the  centre  is  tnmed  toward  the  north.  After  it  makes  a 
quartf^r  of  a  revolution,  the  centre  ia  to  the  eaet  of  it,  and  the 
hemisphere  which  was  previously  turned  to  the  north  nuist  now  be 
turned  to  the  enst.  jSSiev  it  has  made  anotlier  quarter  of  a  revolu- 
tion the  centr(!  will  he  south  of  it,  and  it  must  bo  now  turned  to  the 
south.  In  the  same  manner,  after  another  quarter  of  a  revolution^ 
it  must  be  ttmied  to  the  west.  As  the  same  hemisphere  is  snccee- 
aively  tumt-d  to  all  the  points  of  the  compass  in  one  re'^  olution,  it 
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ifi  eTident  that  tlie  globe  itself  mtt6t  make  a  singld  revolution  on  its 
axis  LD  that  time. 

It  appears,  then,  that  the  rotation  of  the  moon  mioti  ita  luda, 
being  eq^iud  to  that  of  its  reToluliun  in  its  orbit,  ia  27^  7"  if  3", 
or  655*  43™.  The  intervals  of  light  and  darkneeis  to  the  inliabit^inta 
of  the  inoonj  if  there  were  aiij^  wmUtl  then  be  altogethur  ditf "erent 
from  thoae  provided  in  the  plauot^;  there  would  be  ahout  327'*  yz* 
of  continued  light  aiteroately  with  327''  52"'of  eoutiimed  darkne«3j 
the  analogy,  then,  which,  as  will  hereafter  appear,  prevails  among; 
the  planets  with  regard  to  days  and  night*,  ami  whiuh  forms  a  main 
argnmeut  in  favour  of  the  conclusion  that  they  are  inhabited  globea 
like  the  earth,  does  not  hold  good  in  the  case  of  the  moon. 

igd.  XDelinatton  ofasls  of  rotaUon. — Although  as  a  general 
proposition  it  be  true  that  the  same  hemisphere  of  the  moon  ia  al- 
ways turned  toward  tlie  earth,  yet  there  are  8:iiallTarintioaB  at  the 
edge  called  librations,  which  it  ia  necessary  to  notice.  The  aiia 
of  the  moon  ia  not  exactly  perpendieular  to  its  orbit,  beiDg  inclined 
to  the  ecliptic  at  the  small  angle  of  1°  30' 10"' 8.  By  reaacm  of 
this  inclination,  the  northern  and  aouthem  poles  of  the  moon  lean 
alternately  in  a  slight  degree  to  and  from  the  earth. 

199.  Ubration  in  latitude.  —  When  the  north  pole  leans 
towards  the  earth,  we  seo  a  little  more  of  that  region,  and  a  little 
leas  when  it  leaoa  the  contrary  way.  This  variation  in  the 
northern  and  southern  regions  of  the  moon  visible  to  U3,  ia  called 

the  LTBRATIOX  IN  LATITUDE. 

200.  ^l>ratloii  in  loiigitiid««  —  In  order  that  in  a  strict  senae 
the  same  liemiaphere  should  be  continually  turned  toward  the  earth, 
the  time  of  rotation  upon  it^  axia  nmat  not  only  be  equal  to  the 
time  of  rotation  in  its  orbit,  which  in  fact  it  is,  but  its  angular  velocity 
on  ita  axis  in  everj*  part  of  it^  course,  must  be  exactly  equal  to  its 
angular  velocity  in  lis  orbit.  Now  it  iiappena  that  while  ita  angular 
velocity  on  its  axis  is  rigoroiLsly  uniform  throughout  the  month,  ita 
angular  velocity  in  its  orbit  is  subject  to  a  slight  variation ;  the 
conaequence  of  this  ia  that  a  little  more  of  its  eastern  or  western 
edge  ie  aeeu  at  one  time  ihiui  at  imothtT.    This  ia  culled  the  libra- 

TION  IX  LO.VGJTUliK, 

20 1.  Diurnal  ilHratloa.— By  the  diurnal  motion  of  the  earthi 
we  are  carried  with  it  nmnd  it^  axis^  the  stations  frtmi  which  we 
view  the  moon  in  the  morning  and  evening,  or  rather  when  it  rises 
and  w^hen  it  aet*t,  are  then  diifereut  according  to  the  latitude  of  the 
earth  in  which  we  are  placed.  By  thus  viewing  it  from  dilForent 
places,  we  Bee  it  imder  elightly  different  aspects.  This  is  another 
cause  of  a  variation,  which  we  see  in  its  eaatem  and  western  edges  ; 
this  is  called  the  BirBNAL  liskatiox. 

202.  niaa«s  of  tbe  mooo.'— While  the  moon  reYolveft  round 
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the  earth,  ita  illiiminate<i  hemisphere  is  always  presented  to  the  sun ; 
it  therefore  takes  viirious  poBitions  in  reference  to  the  earth.  In 
Jig.  50.  the  eitbc'ts  of  this  ure  exhibitt*d.     Let  E  s  represent  the  di- 


Mk  50. 

rection  of  the  suit, and  Etheearlh  t  wlien  the  moon  is  at  N,  between 
the  sun  and  the  earth,  its  illuminnttMl  henii?fpher«  heiofr  turned 
toward  the  sun,  its  dark  hemt^pliere  wiJl  he  prei^ented  Uiward  tho 
earth ;  it  will  thnrefore  be  invisible.  In  this  positinn  the  moon  is 
said  to  be  in  conjunction. 

When  it  moves  to  the  position  Ct  the  enlijfbtened  hemisphere 
being  still  pre:«»ented  to  the  sun,  a  .Mnnll  portion  of  it  only  iii 
turned  to  the  earth,  und  it  appears  as  a  tkin  crescent,  as  r£*prest  nted 
at  c, 

"WTien  the  moon  takea  the  position  of  Q,  ot  ri^^ht  anglea  to  the  sun 
it  ia  said  to  be  in  ufadratfrk  ;  on»?  hnJf  of  the  enligliti^ned  hetni' 
sphere  only  ia  then  present^^'d  to  the  earth,  ftnd  the  njotm  appears 
halved  aa  reprei^ented  nt  y. 

When  it  iirriies  at  the  position  o,  the  greater  part  of  the  en- 
lightened portion  ta  turned  to  the  earth,  and  it  ia  gibbous,  appearing 
as  represented  at  tj\. 

When  the  moon  comes  in  opposition  to  the  sun,  as  seen  at  F, 
the  enlightened  hemisphere  is  turned  ftill  toward  the  earth,  and  the 
nnK»n  will  appear  full  aa  at  /,  unless  it  be  obscured  by  the  earth's 
sliadnw,  which  mr«dy  happens.  In  the  same  manner  it  is  shown 
that  at  o''  it  ia  again  gibbous  ;  at  <i'  it  is  halved,  and  at  c'  it  is  a 
crescent. 

When  the  moon  is  full,  bcinier  in  opposition  to  the  stin,  it  will 
oeceAB&rily  be  ia  the  nieiidian  at  midnight,  and  will  rise  nearly  h5 
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the  BUn  set&f  and  eet  Dearly  ms  the  sun  risei ;  and  thus,  whenerer 
the  enlightened  hemisphere  ia  turned  toward  usj  and  when^  therefore, 
it  is  the  moat  capable  of  heDefitimg  ua^  it  b  above  the  horizon  all 
night;  whereas,  when  it  is  in  conjunction,  as  at  N,  aod  the  dark 
hemisphere  is  turned  toward  lis,  it  would  then  he  of  no  use  to  us, 
and  is  accordingly  above  the  horizon  during  the  day.  The  position, 
at  Q  is  culled  tbe  *'  first  q^ujirter/'  and  at  q'  the  '*  laat  quarter."  The 
poailion  at  c  is  called  tbe  tirat  oc^tant  j  o  the  ftecond  octant ;  o'the  tliird 
octant ;  and  &  the  fourth  octant.  At  tbe  first  and  fourth  octants 
it  ia  a  crescent,  and  at  the  second  and  third  ijctants  it  ia  gibbous. 

203.  Synodic  period  or  oomsafiB  siont^i  —  Tbe  apparent 
motion  of  the  moon  in  the  heaven!*  is  much  more  rapid  than  thnt  of 
the  8un  ;  for  while  the  sun  makes  a  complete  circuit  of  the  ecliptic  in 
365*25  days,  and  therefore  moves  over  it  at  about  61'  per  day,  the 
mooa  moves  at  the  rate  of  1 3''  1  o'  3  5"  (193)  per  day.  A3  the  sun 
Miil  moon  appear  to  move  in  the  same  direetioD  in  tbe  firmament^ 
both  pioceeding  from  west  to  eojst,  the  111000  will^  after  conjunction, 
depart  from  the  aun  toward  the  east  at  the  rate  of  about  1 2*^  9'  per 
day.  If  then,  the  moon  he  in  conj  unction  with  the  aim  on  imy  given 
davj  it  will  he  1 2*'  9'  east  of  it  at  the  same  time  on  the  following 
day ;  24^  1 8'  eaat  of  it  after  two  days,  and  so  on.  If,  then,  the  moon 
set. with  the  aun  on  any  evening,  it  wQl,  at  the  moment  of  sunset 
on  tbe  following  evening,  be  12°  9' east  of  the  iiun,  and  at  BXmset 
will  appear  &a  a  thiu  crescent,  at  a  considerable  altitude  ;  on  the 
Bucceeding  day  it  will  be  24°  18'  eaat  of  the  sun,  tuid  will  ho  at 
a  still  greater  altitude  at  eimset,  and  will  he  a  broader  crescent. 
After  seven  days,  the  moon  will  be  removed  nearly  90"  from  the 
aun ;  it  will  be  at  or  near  the  meridian  at  aunset.  It  will  remain 
in  the  heavens  for  nbout  six  hours  after  eunsefc,  and  will  be  seen  in 
the  west  aa  the  half- moon.  Each  successive  evening  incft^asiniBf  it« 
distance  from  the  aun,  and  also  increasing  its  breadth,  it  will  be 
visible  in  the  meridian  at  a  later  hour,  and  vnU  consequently  be 
longer  apparent  in  the  firmament  during  the  night — it  will  then  be 
gibboufl.  After  about  fifteen  days,  it  wiU  be  1 80**  removed  from 
the  sun,  and  will  he  full,  and  conaequently  \W11  rise  when  the  snn 
aeta,  and  set  when  tbe  sun  rises — being  viaible  the  entire  night* 
After  the  lapse  of  about  twenty-two  days,  the  distance  of  the  moon 
from  the  sun  being  about  270°,  it  will  not  readi  the  meridian 
until  nearly  the  hour  of  sunrise  ;  it  will  then  be  visible  during  the 
last  six  hours  of  the  night  only.  The  moon  will  then  be  waning, 
and  toward  the  close  of  the  month  will  only  be  seen  in  the  mom-' 
ing  before  eunriae,  and  will  appear  nA  a  crescent. 

If  the  earth  and  sun  were  both  stationary  while  the  moon  revolve* 
round  the  fonner,  the  period  of  the  pliasea  would  be  the  aame  aa 
the  period  of  the  moon,    Lut  from  what  has  been  explained,  it  will 
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be  evident  tkat  wbile  tbe  moon  makes  iU  apparent  revolution  of 
the  heavens  in  about  27*3  days,  the  siin  advances  through  aomewliat 
more  than  37°  of  the  heavens,  tn  the  same  direction.  Before  the 
mcKiii  can  reaaaume  the  same  phase,  it  must  have  the  same  podtion 
relative  to  the  aim,  and  nmat,  therefore,  overtake  it.  But  since  it 
moves  at  the  rate  of  alxjut  i*  in  two  hours,  it  vrill  take  more  tlian 
two  days  to  move  over  27^.  Hence  the  synodic  period,  or  lunar 
month,  or  the  interval  between  two  auc^esaive  conjunctionaj,  ia  about 
two  daya  longer  than  the  sidereal  period  of  our  satellite. 

The  exact  length  of  the  aynodk  period  ia  29*  12^  44™  a''87,  or 
29* 5 3059  mean  solar  davs- 

204.  Mass  and  deniity.  —  The  result  of  the  moat  recent  solu* 
tiona  of  this  problem,  by  various  methods  and  on  different  data^ 
proves  that  the  mass  or  quantity  ol  matter  composing  the  globe  of 
the  moon  ia  a  litllo  more  than  the  80th  part  of  the  masa  of  the 
earth  ;  or,  more  exactly,  if  the  mass  of  the  earth  consist  of  a 
million  of  equal  parts,  the  mass  of  the  moon  will  be  equiil  to 
1 2, 500  of  theae  parts. 

Since  the  volume  or  bulk  of  the  moon  is  about  the  50th  part 
of  that  of  the  earth,  while  its  mass  or  weight  ia  little  more  than 
the  80th  part,  of  that  of  the  earth,  it  follows  that  it-^  mean  density 
must  be  little  more  than  half  the  density  of  the  earth. 

205.  V<t  oMr  upon  ta©  mooD. — In  order  to  determine  whether 
or  not  the  globe  of  the  moou  ia  surrounded  with  any  gaseous 
envelope  like  the  atmosphere  of  the  earth,  it  ia  necessaij  first  to 
consider  what  appearances  such  an  appendage  would  present,  seen 
at  the  moon's  dietanc^j,  and  whether  any  such  appearancea  are 
discoverable* 

According  to  ordinary  and  popular  notions,  it  ia  difficult  to  sepa- 
rate the  idea  of  an  atmosphere  from  the  existence  of  clouds ;  yet 
to  produce  clouds  aoiue thing  more  ia  necessary  than  air.  The 
presence  of  water  is  indispensable,  and  if  it  be  assumed  that  no 
wftt^r  exist,  then  certainly  the  absence  of  clouds  ia  no  proof  of  the 
absence  of  an  atmoaphere.  Be  this  aa  it  may^  however,  it  is  cer^ 
tain  that  thore  are  no  clouds  upon  the  moon,  for  if  there  were,  we 
ahould  immediately  discover  them,  by  the  variable  lights  and 
thadows  they  would  produce.  If  there  be,  then,  an  atmosphere 
upon  the  moon,  it  is  one  entirely  nnac^companitsd  by  clouds. 

One  of  the  effects  produced  by  a  distant  view  of  an  atmosphere 
BtuTOunding  a  globe,  one  heniisphere  of  which  is  illuminated  by 
the  aun^  is-,  that  the  boundary,  or  line  of  separation  between  the 
hemisphere  enlightened  by  the  sun  nod  the  dark  hemisphere,  ia  not 
sudden  and  sharply  defined,  but  ia  gradual  —  the  light  fading  away 
by  alow  degrees  into  the  darkness. 

It  ii  to  thia  effect  upon  the  globe  of  the  earth  t]iat  twilight 
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ia  owing,  and  euch  a  gradual  fodijig  awnj  of  the  flun*a  light  is 
discoYerable  on  some  of  the  planets,  upon  which  an  atmosphere  is 
observed. 

Now,  if  sucb  an  effect  of  an  atmosphere  were  produced  upon 
the  mooUj  it  would  bo  perceived  by  the  naked  eye,  and  still  more 
distinctly  with  the  telescope,  IMien  the  moon  appears  as  a  cte&* 
cent,  ita  concave  edge  ia  the  hoimdary  which  eeparatea  the  en- 
lightened from  the  dark  hemisphere.  li\Tien  it  is  in  the  qnarti^ra, 
the  diameter  of  the  aemicirclo  ia  also  that  boundary.  In  neither  of 
these  cases,  however,  do  we  ever  discover  the  alightest  indication  of 
any  such  appearance  aa  that  which  baa  just  been  described.  There 
ia  no  gradual  fading  away  of  the  light  into  the  darkness;  on  the 
contrary,  the  boundary,  though  serrated  and  irregular,  is  neverthe- 
less perfectly  well-deEned  and  sudden. 

All  these  circumstances  conspire  to  prove  that  there  does  not 
exist  upon  the  moon  an  utmosphera  capable  of  reflectiug  light  in 
any  sensible  degree. 

The  magnitude  and  motion  of  the  moon  and  the  relative 
positiona  of  the  atara  are  ao  accurately  known,  that  nothing  is 
more  eafly,  certain,  and  precise,  than  the  obaervations  which  may 
be  made  with  the  view  of  ascertainiug  whether  any  stars  are  ever 
Been  which  are  sensibly  behind  the  edge  of  the  moon.  Such 
observationa  linve  been  made,  and  no  such  eflect  haa  ever  been 
detected.  This  aperies  of  observation  is  su8<*eptible  of  such  ex- 
treme accura4'y,  thut  it  ia  certain  that  if  an  atmosphere  existed 
upon  the  moon  a  thousand  times  leaa  dense  than  our  own^  its  pre- 
sence must  be  detected. 

Bessel  haa  calculated  that  if  the  difference  between  the  apparent 
diameter  of  the  moon,  and  the  arc  of  the  firmament  moved  over 
by  the  moon^a  centre  during  the  occultation  of  a  star,  centrically 
occidted,  were  admitted  to  amount  to  so  much  as  2",  and  lUlowing 
for  the  possible  effect  of  mountains,  by  which  the  edge  of  the  disk 
is  serrated,  talking  tht'^o  at  the  extreme  height  of  24,000  feet,  the 
density  of  the  lunar  atmosphere,  whose  refraction  would  produce 
Buch  an  effect,  would  not  exceed  the  968th  part  of  tiie  density  of 
the  earth's  atmosphere,  supposing  the  two  fluids  to  be  similarly 
constituted.  Nor  would  this  conclusion  be  materially  modified  by 
any  supposition  of  an  atmosphere  composed  of  gases  different  from 
the  constituents  of  the  earth's  atmosphere. 

The  earth's  atmosphere  supports  a  column  of  30  inches  of 
mercury;  an  atmosphere  1 000  tiinea  lesa  dense  would  support 
a  column  of  three-tenths  of  an  inch  only.  We  may  therefore 
consider  it  as  an  established  fact,  that  no  atmosphere  exiata  on 
the  moon  having  a  density  even  as  great  as  that  which  remains 
under  the  receiver  of  the  moat  perfect  air-pump,  after  that  in- 
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etrument  has  withdrawn  from  it  the  air  to  the  utmost  extent  of  it« 
power. 

If  further  proofa  of  the  nonexistence  of  a  lunar  atmosphere 
were  required,  Sir  J.  Herschel  indicates  ueveral  which  are  found 
in  the  phenomena  of  eclipses,  lu  a  solar  et'Upse  the  existence  of 
an  atanoaphere  having  any  sensible  i-efrartion,  would  ennble  us 
to  trace  the  limb  of  the  moon  beyond  the  ciispa  externally  to  the 
aun'a  disk,  hy  a  narrow  hat  briUund  line  of  light  extending  to 
some  distance  along  its  edge.  No  such  phenomenon  boa,  however, 
been  seen. 

If  there  were  any  appreciable  quantity  of  vapour  suspended 
over  the  moon'a  iturffti;e>  very  Irtint  stars  ought  to  digappear  behind 
it  before  tbe  moment  of  tbcir  orcidtation  by  the  interposition  of 
the  moon  s  edge.  Sitcb,  however,  is  not  the  rose.  When  ot-culted 
M  at  the  enlightened  edge  of  the  lunar  disk,  the  light  of  the  moon 
^  overpnwera  them  and  renders  them  invisible,  and  even  at  thfi  dark 
^^^^(gpe  the  glare  in  the  pky,  caused  by  the  proximity  of  the  enlightened 
^^M^  of  the  disk,  rendt^ra  tbe  occultatiou  of  extrtjmely  mijiute  stars 
incapable  of  obi^orvation. 

Z06.  SCoonltght  aot  ftenslbl  j  coloriJlo.  —  It  hon  long  been  an 
object  of  inquiry  whether  the  light  of  the  moon  has  any  heat,  but 
the  most  deliwite  experiments  and  observations  have  fiiiled  to 
detect  this  property  in  it.  The  light  of  the  moon  was  collected 
into  the  focus  of  a  concave  mim>r  of  such  magnitude  as  would 
have  been  sufficient,  if  exposed  to  the  aun*s  light,  to  evaporate  gt:)ld 

tor  platinum.  The  bulb  of  a  diflerential  thermometer,  sensitive 
enough  to  show  a  change  of  temp«raturo  amounting  to  the  500th 
part  of  a  degree,  waa  placed  in  its  focus  so  oa  to  receive  upon  it 
the  coucentrated  rays.  Yet  no  sensible  ©fleet  was  produced.  We 
must,  tlierefore,  conclude  that  the  light  of  the  moon  does  not 
poesees  the  calorific  property  in  any  sensible  degree.  But  if  the 
rays  of  the  moon  be  not  warm,  the  vuiga.r  impression  that  they 
are  cold  is  equally  erroneous.  We  have  seen  that  they  produce  no 
effect  either  way  on  the  thermometer, 

207.  JTo  UqnidB  on  tbe  moon. — The  same  physical  testa 
which  show  tbe  nonexistence  of  an  atmosphere  of  air  upon  the 
moon  are  equally  conclusive  against  an  atmosphere  of  vapour.  It 
might,  therefore,  be  infen'ed  that  no  liquids  can  exist  on  the  moon's 
surface,  smce  they  wcndd  be  subject  to  evaporation*  Sir  John 
Hemchel,  however,  ingeniously  suggests  that  the  nonexistence  ctf 
vapour  is  not  conclusive  against  evaporation.  One  hemisphere  of 
the  moon  being  exposed  coutiotiously  for  328  houris  to  the  glare  of 
sunshine  of  an  inbEinsity  greater  than  a  tropical  noon,  because  of  the 
HJbeence  of  an  atmosphere  and  clouds  to  mitigate  it»  while  the  otht>r 
r  an  equal  interval  exposed  to  a  cold  far  more  rigorous  than 
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that  which  prevaik  on  the  summits  of  the  loflieet  uiountiuna  or  in 
the  polar  region,  the  consequence  would  be  the  immediate  evapora- 
tion of  all  liquidij  which  might  happen  to  exist  on  the  one  hemi- 
sphere, and  the  inalajitaneoua  condenfiation  tmd  congelation  of  the 
vapour  on  the  other.  The  vapour  won  Id,  in  short,  be  no  sooner 
fonned  on  the  ecligbienei!  hemisphere,  than  it  woukl  rush  to  the 
vacuum  over  the  dark  hemisphere,  whore  it  would  ho  iiistrmtly 
condenae^l  and  congealed,  an  effect  which  Herschel  aptly  illustrateg 
by  the  familiar  experiment  of  the  CBioPHOEftus.  The  consequence, 
as  he  ohftervea,  of  thia  state  of  things  would  he  absolute  aridity 
below  the  vertical  nun,  contttanl  uccretion  of  hoqj  frost  in  the 
opposite  rejfion,  and  perhaps  a  ntirrow  zone  of  runiimg  water  at  the 
borders  of  the  t'nUphtened  hemisphere.  He  conjectures  that  this 
rapid  alternation  of  evaporation  and  fondensatiou  nmy  to  some  extent 
preserve  tm  erjuUibriuiii  of  temperature,  and  mitijrjite  the  severity 
of  both  the  diumal  and  noctuinal  conditiona  of  the  surface.  He 
admits  nevertheless  that  such  a  supposition  could  only  he  compa- 
tible with  the  teatH  of  the  absence  of  a  tMUisparent  atmnapbere  even 
of  vapour  within  extremely  narrow  limits ;  tmd  it  remains  to  be 
Been  whether  the  general  ph  jeic^  condition  of  the  lunar  i?urfftce  as 
diflclosed  by  the  telescope  be  not  more  compatible  with  the  suppo- 
f  ttion  of  the  total  absence  of  all  liquid  whatever. 

It  appt^ara  to  have  e&caped  the  attention  of  those  who  aaaume  the 
pnasibility  of  the  existence  of  water  in  the  liquid  state  on  the  moon, 
that  in  tlie  absence  of  an  atmosphere,  the  temperature  must  neees- 
flarily  be,  ^lot  only  far  below  the  point  of  congelation  of  water,  but 
even  that  of  raant  other  known  liquids.  Even  within  the  tropics, 
nnd  under  the  line  with  a  vertical  sun,  the  heip;ht  of  tlie  snow  line 
does  not  exceed  16,000  feet;  and  nevertheless  at  that  elovatioOj 
and  still  higheTj  there  prevaila  an  atmosphere  capable  nf  supporting 
a  considerable  column  of  mercury.  At  somewhat  greater  elevations, 
but  still  in  an  atmofiphere  of  very  sensible  density,  mercury  is  con- 
gealed. Analogy,  therefore,  justifies  the  inference  that  the  total, 
or  nearly  totid,  absence  of  air  upon  the  moon  is  nltojjetber  inconipa- 
tiWe  with  the  existence  of  water,  or  probably  any  other  body  in  (be 
liquid  state,  and  neces^^arily  infers  a  temperature  altog-ether  incom- 
patible with  the  existence  of  organiBed  beings  in  any  respect  ana- 
lofToua  to  those  which  inhabit  the  earth. 

But  another  conclusive  evidence  of  the  nonexistence  of  liquids  on 
the  moon  ia  found  in  the  form  of  its  surface,  which  exhibits  none  of 
those  well  understood  appearances  which  result  front  the  Inni^  con- 
tinued action  of  water.  The  moimtain  formations  with  which  the 
entire  visible  surface  is  covered  are,  m  will  presently  appeor,  uni- 
versally so  abrupt,  precipitoUsi,  and  unchangDable,  as  to  be  utterly 
incompatible  with  the  presence  of  liquids. 
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208.  Abftenoe  of  air  deprive*  solar  Ug-lit  and  tieat  of  tlielr 
utility. — The  absence  of  ftir  also  prevents  the  diflumon  of  the 
iolar  lig^ht.  The  general  difhision  of  the  sun's  light  upon  the  earth 
i&  mainly  due  to  the  rt'flection  nnd  refraction  of  the  atraospherep 
and  to  the  light  reflected  hy  the  clouds;  and  thnt  without  such 
mefttisof  dilfujsion,  the  solar  light  wotdd  only  illuminate  those  places 
into  which  its  rays  would  directly  penetrato.  Every  place  not  in 
full  sunshine,  or  exposed  to  eome  illutninfttGd  gurfarB,  would  he 
involved  iu  the  most  pitchy  darkness.  The  sky  at  noon-day  would 
he  ifiteuaely  black,  for  the  henutiful  azure  of  our  firmament  in  the 
dtty-time  is  due  to  the  reSected  rolour  of  the  air. 

Thus  it  appearfl  that  the  absence  of  air  must  deprive  the  sun's 
illdmirifltinf^  and  heating  agency  of  nearly  all  ita  utility.  If  no 
diffusion  of  light  and  no  retention  and  accumulation  of  heat^  such 
as  an  ntmosphero  supplies,  prevail*  it  is  impofwihle  to  conceive  the 
existence  and  maintenance  of  an  az^ganised  world  haying  any  analog-y 
to  the  earth. 

Z09.  As  seen  fk-om  the  moon,  appearanoe  of  the  eartli 
and  tb«  flrmajueat. —  If  the  moon  were  inhabited^  observers  placed 
upon  it  would  witness  coltjMinJ  pbonomenaof  n  singular  description, 
differing'  in  many  respectfl  from  those  presented  to  the  inhahitanta 
of  OUT  globe.  The  heavens  would  be  peipetually  serene  and 
cloudleaa.  The  etara  end  planeta  would  shino  with  citrauniinary 
splendour  during  the  long  night  of  328  hours.  The  inclination  of 
her  axis  Iheing  onlj'  5^,  there  would  be  no  sen.'sible  changes  of 
Benson.  The  year  would  consist  of  one  unbroken  monotony  of 
equinox.  The  inhnhitfl-nt-*  of  one  hemisphere  would  never  see  the 
earth  :  while  the  inhubitants  nf  the  otli«r  woidd  bnve  it  constantly 
in  their  fii-mament  by  day  and  by  night,  and  always  in  the  aame 
jwsition.  To  those  who  inhabit  the  centrrd  part  of  the  hemisphere 
presented  to  us,  the  earth  would  appear  stationary  in  the  aenith, 
and  would  never  leave  it,  never  rising  nor  settiug,  nor  iu  any  degree 
changing  its  position  in  relation  to  the  zenith,  or  horizon,  To  those 
who  inhabit  places  inttirmediatc  between  the  central  part  <*f  that 
heniiapbere  and  those  places  which  are  st  the  edge  of  the  moon's 
disk,  the  earth  would  appt^iu*  at  a  fixed  itod  iovariahle  distance  from 
the  3Ck>nith,  and  also  at  a  fixed  and  invariable  aiimuth,  the  distance 
from  the  zenith  being  evenTvht^re  equal  to  the  dii*tftnee  of  the 
obeerver  from  the  middle  point  of  the  hemisphere  presented  to  the 
e&rth.  To  an  observer  at  any  of  the  places  which  are  At  the  edge 
of  the  lunar  disk,  the  earth  would  appear  perpetually  in  a  fixed 
directitm  on  the  horiKon- 

The  earth  shone  upon  by  the  sun  woidd  appear  as  the  moon  does 
to  us;  but  with  a  disk  having  an  appareut  diameter  greater  than 
that  of  the  moon  in  the  ratio  of  79  to  ?  i,  and  on  apparent  superficial 
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magnitude  about  fourteen  times  greater,  and  it  would  consequently 
liave  a  proportionately  illuminating  power. 

JEarth  Ught  at  the  moon  would,  therefore,  be  about  fourteen  times 
more  intense  than  moonlight  at  the  earth.  The  earth  would  go 
through  the  same  phases  and  complete  the  series  of  them  in  the 
same  period  as  that  which  regulates  the  succession  of  the  lunar 
phases,  but  the  corresponding  phases  would  be  separated  by  the 
interval  of  half  a  month.  When  the  moon  is  full  to  the  earth,  the 
earth  is  new  to  the  moon,  and  vice  versd:  when  the  moon  is  a 
crescent,  the  earth  is  gibbous,  and  vice  versd. 

The  features  of  light  and  shade  would  not,  as  on  the  moon,  be  all 
permanent  and  invariable.  So  far  as  they  would  arise  from  the 
clouds  floating  in  the  terrestrial  atmosphere,  they  would  be  variable. 
Nevertheless,  theii  arrangement  would  have  a  certain  relation  to 
the  equator,  owing  to  the  effect  of  the  prevailing  atmospheric 
currents  parallel  to  the  line.*  This  cause  would  produce  streaks  of 
light  and  shade,  the  general  direction  of  which  would  be  at  right 
angles  to  the  earth's  axis,  and  the  appearance  of  which  would  be  in 
all  respects  similar  to  the  belts  which,  as  will  appear  hereafter,  are 
observed  upon  some  of  the  planets,  and  which  are  ascribed  to  a  like 
physical  cause. 

Through  the  openings  of  the  clouds  the  permanent  geographical 
features  of  the  surface  of  the  earth  would  be  apparent,  and  would 
probably  exhibit  a  variety  of  tints  according  to  the  prevailing 
characters  of  the  soil,  as  is  observed  to  be  the  case  with  the  planet 
Mars  even  at  an  immensely  greater  distance.  The  rotation  of  the 
earth  upon  its  axis  would  be  distinctly  observed  and  its  time  ascer^ 
tained.  The  continents  and  seas  would  be  seen  to  disappear  in  suc- 
cession at  one  side  and  to  reappear  at  the  other,  and  to  pass  across 
the  disk  of  the  earth  as  carried  round  by  the  diurnal  rotation. 

210.  "Wliy  tike  ftill  disk  %t  tlie  moon  to  fiaiiiUT'  vtolble 
near  new  moon. — Soon  after  conjunction,  when  the  moon  appears 
as  a  thin  crescent,  but  is  so  removed  from  the  sun  as  to  be  seen  at  a 
sufficient  altitude  after  sunset,  the  entire  lunar  disk  appears  faintly 
illuminated  within  the  horns  of  the  crescent.  This  phenomenon  is 
explained  by  the  effect  of  the  earth  shining  upon  the  moon,  and 
illuminating  it  by  reflected  light  as  the  moon  illuminates  the  earthy 
but  with  a  degree  of  intensity  greater  in  the  ratio  of  about  14  to  1. 
According  to  what  has  just  been  explained,  the  earth  appears  to  the 
moon  nearly  full  at  the  time  when  llie  moon  appears  to  the  earth  as 
a  thin  crescent,  and  it  therefore  receives  then  the  strongest  possible 
illumination.  As  the  lunar  crescent  increases  in  breadth,  the  phase 
of  the  earth  as  seen  from  the  moon  becomes  less  and  less  full,  and 
the  intensity  of  the  illumination  is  proportionately  diminished. 

*  Su  Chapter  on  the  tides  and  trade  -winds. 
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Hence  we  find,  tlist  m  the  lonv  aMRiin^p*Mil  giliTniTlj'tD  tih* 
quarter,  the  complement  of  the  Imiiv  I 
faintly  visible,  and  soon  disappean 
211.  Vbyaloal  •oadttt—  9i  1 

examine  the  moon  carefiillj,  even  wHbost-Hw  lid  of  ft 

we  shall  discover  upon  H  distinct  and  daArfto  Kiwmiwti  of  ligkl 

and  shadow.     These  featnies  neirw  chm^ftf  then  Aigr 

alwaj»  in  .the  same  position  npoa  As  vlaOlfe  orib  of  t&a 

Thus  the  features  that  ooenpj  hi  flwtvt  t0w^  JiSf^ 

same  position  thronghont  aU  humiB  MOOfd.    W6 

stated  that  the  first  and  most  ofafkoi  ftJBWia'i  irUoh  Ais  int 

suggests,  is  that  the  same  hemlsplwiB  cf  Ike  boob  ii  ilMn^ 

presented  towards  the  earthy  and  ( 

is  never  seen.    This  singular  ehaiftnlwiitk  nfclib 

motion  of  the  moon  rouid  the  Mvthy  mmm  %»  bo  ft 

characteristic  of  all  other  moons  in  Ike  ijjllMB.  Sir  WDHm 
Herflcbel,  bj  the  aid  of  his  poweifol  teknopoi^  ulMWtfod  indfartioiii 
which  render  it  probable  that  the  moons  of  Jupitsr  revolve  in  the 
same  manner,  each  presenting  continnallj  the  same  hemisphere  to 
the  planet  The  cause  of  this  peculiar  motion  has  been  attempted 
to  be  explained  by  the  hypothesis  that  the  hemisphere  of  the 
satellite  which  is  turned  toward  the  planet,  is  very  elongated  and 
protuberant,  and  it  is  the  excess  of  its  weight  which  makes  it  tend 
to  direct  itself  always  toward  the  primary,  in  obedience  to  the 
universal  principle  of  attraction.  Be  this  as  it  may,  the  efiect  is, 
that  our  selenographical  knowledge  is  necessarily  limited  to  that 
hemisphere  which  is  turned  toward  us. 

But  what  is  the  condition  and  character  of  the  surface  of  the 
moon?  What  are  the  lineaments  of  light  and  shade  which  we  see 
upon  itP  There  is  no  object  outoide  the  earth  with  which  the 
telescope  has  afforded  us  such  minme  and  satisfactory  informatian. 

If,  when  the  moon  is  a  crescent,  we  examine  with  a  telescope, 
even  of  moderate  power,  the  concave  boundary,  which  is  that  part 
of  the  surface  where  the  enlightened  hemisphere  ends  and  the  dark 
hemisphere  begins,  we  shall  find  that  this  boundary,  is  not  an  even 
and  regular  curve,  which  it  undoubtedly  would  be  if  the  surface 
were  smooth  and  regular,  or  nearly  so.  If,  for  example,  the  lunar 
surface  resembled  in  its  general  characteristics  that  of  our  globe, 
supposing  that  the  entire  surface  is  land,  having  the  general  cha- 
racteristics of  the  continents  of  the  earth,  the  inner  boundary  of 
the  lunar  crescent  would  still  be  a  regular  curve  broken  or  inter- 
rupted only  at  particular  points.  Where  great  mountain  ranges, 
like  those  of  the  Alps,  the  Andes,  or  the  Himalaya,  might  chance 
to  cross  it,  these  lofty  peaks  would  project  vastly  elongated  shadows 
along  the  adjacent  plains;  for  it  will  be  remembered  that,  being 
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■itttAtedy  at  the  moment  m  qui^^tion,  at  the  boimdaiy  of  tho 
ealigbteoed  and  darkened  hemispheres,  the  ahadowB  wculd  he 
thi^so  of  evening  or  morning ;  which  are  prodig-ioualy  lon^r  than 
the  objecU  themaelTea,  The  efVect  of  the^e  would  be  to  cause  gnps 
or  irre|,;ularitk*9  in  the  peneral  outline  of  the  inner  boundary  of 
the  crescent.  With  these  rare  exreptiona,  the  inner  boundary  of 
the  crescent  produced  by  a  ghibe  like  the  earth  would  be  an  even 

id  regular  cu.r\'e, 

Such,  however,  is  not  the  caae  with  the  inner  boundary  of  the 
'lunar  crescent,  even  when  viewed  by  the  naked  eye,  and  stili  leaa 
i^*)  when  magnified  by  a  telescope. 

It  h  foundp  OD  tlie  contrary,  rugged  and  serrated,  and  brilliantly 
illuminated  pointa  are  seen  in  the  dnrk  part*  at  some  distance  from 
it^  while  dark  shadoww  of  ccmsidernble  length  appear  to  break  into 
the  illuminuted  surface.  The  inequalities  thus  apparent  indicate 
Binfjrular  charaeterlatica  of  the  eurfuce.  The  bright  poiuts  seen 
within  the  dark  hemisphere  are  the  peaks  of  Lifty  mo un tarns  tinged 
with  the  sun's  light  They  aie  in  the  condition  witii  whicb  all 
trEvellerfl  in  Alpine  countriea  are  familiar;  after  the  bun  baa  set, 
and  darkness  has  set  in  over  the  valleya  at  the  foot  of  the  chain,  the 
fiun  fitill  continues  to  illuminate  thu  peaks  above. 

The  sketch  of  the  lunar  rresKient  |^ven  in^j^.  51,  being  a  re- 
preaentation  of  the  moon  when  visible  in  the  eaat^  shortly  before 
Bunrise,  and  about  two  daya  previoualy  to  conjunrtion  with  the  aim, 
will  illustrate  thase  obsen'ations. 

The  visible  beiriirvphero  of  our 
aatellite  hat;,  within  the  la^t 
quarter  of  a  centurvj  been  sub- 
jected to  the  most  rigtuous  exa- 
mination which  unwearied  iu- 
dustry,  aided  by  the  vast  im- 
provement which  has  been  effected 
in  the  instruments  of  telescopic 
observation,  rendered  possible  ; 
and  it  is  no  exaggeration  now  to 
state  that  we  possess  a  chart  of 
that  hemisphere  which  in  accu- 
racy of  detail  far  exceeds  any 
similar  representation  of  the 
earth's  surface. 

Among    the    selenographical 
obgervers,  the  Prussian  astrono- 
mers,   ^IM.   Beer   and   Miidler, 
stmid  pre-eminent     Their  descriptive  work,  entitled  Dtrr  Mond, 
conOdns  the  most  complete  collection   of   observations   on   the 
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physical  condition  of  our. satellite;  and  the  chart,  measuring  3^ 
inches  in  diameter,  exhibits  the  most  complete  representation  o 
the  lunar  surface  extant  Besides  this  great  work,  a  selenographii 
chart  was  produced  by  Mr.  Russell,  from  observations  made  witl 
a  seven-foot  reflector,  a  similar  delineation  by  Lohrmann,  and 
lastly,  a  yeiy  complete  model  in  relief  of  the  visible  hemisphere  bi 
Madame  Witte,  an  Hanoverian  lady. 

To  convey  to  the  student  any  precise  or  complete  idea  of  the  mast 
of  information  collected  by  the  researches  and  labours  of  thesi 
eminent  observers,  would  be  altogether  incompatible  with  th< 
necessary  limits  of  a  work  like  that  which  we  have  imdertaken 

We  shall  therefore  confine  ourselves  to  a  selection  fix)m  some  o 
the  most  remarkable  resulta  of  those  works,  aided  by  the  tele»copi( 
chart  of  the  south-eastern  quadrant  of  the  moon's  disk,  nven  ii 
Plate  I.,  which  has  been  reduced  from  the  great  chart  of  Beer  am 
Miidler,  the  scale  being  exactly  one  half  of  that  of  the  original. 

212.  General  Descbipiiok  of  the  Moon's  Subface. 

(a)  Description  of  the  charts  Plate  I.  —  The  entire  surface  of  the  visibl 
hemisphere  of  the  moon  is  thickly  covered  with  mountainous  masses  ant 
ranges  of  various  forms,  magnitudes,  and  heights  in  which,  however,  th 
prevalence  of  a  circular  or  crater-like  form  is  conspicuous.  The  mere  in 
spection  of  the  chart  of  the  S.E.  quadrant,  Plate  1.,  will  render  this  evident 
and  the  other  three  quadrants  of  the  disk  do  not  differ  from  this  in  thei 
general  character.* 

(6)  Cauaet  of  the  tintt  of  white  and  ^rey  on  the  tnoon*s  disk.  —  The  varion 
tints  of  white  and  grey  which  mark  the  lineaments  observed  upon  the  dial 
of  the  full  moon  arise  partly  from  the  different  reflecting  powers  of  th 
matter  composing  different  parts  of  the  lunar  surface,  and  partly  from  th 

*  It  must  be  observed  that  the  chart  represents  the  moon's  disk  as  it  i 
seen  on  the  south  meridian  in  an  astronomical  telescope.  As  that  instra 
ment  produces  an  inverted  image,  the  south  pole  appears  at  the  highest  an< 
the  north  pole  at  the  lowest  point  of  the  disk,  and  the  eastern  limit  is  oi 
the  right  and  the  western  on  the  left  of  the  observer,  all  of  which  position 
are  the  reverse  of  those  which  the  same  points  have  when  viewed  without  1 
telescope,  or  with  one  which  does  not  invert.  The  longitudes  are  measures 
east  and  west  of  the  meridian  which  bisects  the  visible  disk.  The  origins 
chart  is  engraved  in  four  separate  sheets,  each  representing  a  quadrant  0 
the  visible  hemisphere.  The  names  of  the  various  seleiiographical  region 
and  more  prominent  moontaiiis  are  indicated  on  the  cjiart,  and  have  beei 
taken  generally  from  those  of  eminent  scientific  men.  The  meridians  drawi 
on  the  chart  divide  the  surface  into  zones,  each  of  which  measures  five  de 
grees  of  longitude,  and  the  parallels  to  the  equator  divide  it  into  zones 
ha^-iug  each  the  width  of  five  degrees  of  latitude.  The  moon's  diametei 
being  less  than  that  of  the  earth  in  the  ratio  of  about  ai  to  79,  a  degree  o 
lunar  latitude  is  less  than  60  geographical  miles  in  the  same  proportion,  am 
is,  therefore,  equal  to  16  geographical  miles.  This  supplies  a  scale  by  whid 
the  magnitades  on  the  chart,  Plate  L,  may  be  approximately  estimated. 
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diflRnvQt  angles  at  which  the  ravs  of  the  solar  light  are  incident  upon  them. 
If  the  surface  of  the  lunar  hemisphere  were  aniformly  level,  or  nearly  so, 
these  angles  of  incidence  woald  be  determined  by  the  position  of  each  point 
with  relation  to  the  centre  of  the  illaminated  hemisphere ;  and,  in  that  case, 
the  tints  would  be  more  r^ular  and  would  vary  in  relation  principally  to 
the  centre  of  the  disk ;  but,  owing  to  the  great  inequalities  of  level,  and 
the  vast  and  complicated  mountainous  masses  which  project  from  every  part 
of  the  surface,  and  the  great  depths  of  the  cavities  and  plains  which  are  sur- 
rounded by  the  circular  mountain  ranges,  the  angles  of  incidence  of  the 
solar  rays  are  subject  to  extreme  and  irregular  variation,  which  produce 
those  lineaments  and  forms  tinted  with  various  shades  of  grey  and  white 
with  which  every  eye  is  familiar. 

(e)  Shadmn  visibU  only  in  the  phaaei  —  they  *npply  nuaturtt  of  heightM  and 
depdu, —  When  the  moon  is  Aill,  no  shadows  upon  it  can  be  seen,  because, 
in  that  position,  the  visual  ray  coinciding  with  the  luminous  ray,  each  object 
is  directly  interposed  between  the  observer  and  its  shadow.  As  the  phases 
progren,  however,  the  shadows  gradually  come  into  view,  because  the  visual 
ray  is  inclined  at  a  gradually  increasing  angle  to  the  solar  ray,  and,  in  the 
quarters,  this  angle  having  increased  to  90P,  and  the  boundary  of  the  en- 
lightened hemisphere  being  then  in  the  centre  of  the  hemisphere  presented 
to  the  observer,  the  position  is  most  favourable  for  the  observation  of  the 
shadows  by  which  chiefly,  not  only  the  forms  and  dispositions  of  the  moun- 
tainous masses  and  the  intervening  and  enclosed  valleys  and  ravines  are 
ascertained,  but  their  heights  and  depths  are  measured,  lliis  latter  problem 
is  solved  by  the  well-understood  principles  of  geometrical  projection  when 
the  directiims  of  the  visual  and  solar  rays,  the  position  of  the  object,  and 
of  the  surface  on  which  the  shadows  are  projected,  are  severally  given. 

(</)  Uniform  patches,  called  oceans^  seof,  |fc.,  proved  to  be  irregular  land 
eurface. —  Uniform  patches  of  greater  or  less  extent,  each  having  an  uniform 
grey  tint  mure  or  less  dark,  having  been  supposed,  by  early  observers,  to  be 
large  collections  of  water,  were  designated  by  the  names,  OcKAKtxa,  Mars, 
Palus,  Lacus,  Sinus,  &c.  These  names  are  still  reuined,  but  the  increased 
power  of  the  telescope  has  proved  that  such  regions  are  diversitled,  like  the 
rest  of  the  lunar  smiface,  by  inequalities  and  undulations  of  permanent  forms, 
and  are  therefore  not,  as  was  imagined,  water  or  other  liquid.  They  diflSer  from 
other  regions  only  in  the  magnitude  of  the  mountain  masses  which  prevail 
upon  them.  About  two> thirds  of  the  visible  hemisphere  of  the  moon  con- 
nuts  of  this  character  of  surface.  Examples  of  these  are  presented  by  the 
Mare  Nubium,  Oceanus  Procellarum,  Mare  Humorum,  &c,  on  the  chart 

(e)  Wluter  apot»y  mountainM.—  The  more  intensely  white  parts  are  moun- 
tains of  various  magnitude  and  form,  whose  height,  relatively  to  the  moon's 
magnitude,  greatly  exceeds  that  of  the  most  stupendous  terrestial  emi- 
nences ;  and  there  are  many,  characterised  by  an  abruptness  and  steepness 
which  sometimes  assume  the  position  of  a  vast  vertical  wall,  altogether 
without  example  upon  the  earth.  These  are  generally  disposed  in  broad 
masses,  lying  in  close  contiguity,  and  intersected  with  vast  and  deep  valleys, 
gullies,  and  abysses,  none  of  which,  however,  have  any  of  the  characten 
which  betray  the  agency  of  water. 

(/)  Claue$  of  circular  mountai»  ranges. —  Circular  ranges  of  mountains 
which,  were  it  not  for  their  vast  magnitude,  might  be  inferred  from  their 
form  to  have  been  volcanic  craters,  are  by  fiu  the  most  prevalent  arrange- 
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ment.    These  liave  beeu  denominated,  accx»rding  to  their  mag^nitudes, 

WARK    pLAiSS,    KOJO    MoCNTAlNS*  CllATEKS,  Und  HoLKS, 

iff)  Bnlicark  plaint. —  These  are  circulw  arena,  varying  from  40  to 
milM  in  djametor,  enclosed  by  a  ring  of  mountain  ridgej!»  mostly  continud 
but  m  Home  cdisea  inleriecte'd  at  one  or  more  {joints  by  vast  raviiieft.    ^ 
enclosed  area  ia  /g^Deratly  a  pLnin  on  wbk*h  mountains  of  leu  heii^ht  i 
often  scattered.    The  smroufiding  dpcalur  ridge  also  throws  out  sipurst  fa^ 
externally  and  internally^  but  the  laltor  are  genemlly  shorter  than  the 
fner.    In  tome  cases,  however,  jnterndl  spurs,  which  are  diametrically 
poted,  unite  in  the  middle  so  m  to  cut  in  two  the  encloeeii  plain.      Jn 
rare  cases  the  cnrlo»ed  plain  ia  uninterrupted  by  mounluins,  and  it  is  ah 
invariably  depre«ii»ed  below  the  general  level  of  the  surrounding  land.    A 
instances  are  presented  of  the  endoaed  plain  being  convex. 

The  rnomn tainoita  circle  encloetng  tbeae  vajit  areaa   is   seldom  a  ul 
ridge.     It  consiats  more  generally  of  aeverad  concentric  ridgea.  one  of  wl 
hovrever,  always  dominates  over  the  rest  and  exhibits  an  unequal  mmi 
broken  by  stupendous  peak«,  vrbiok  here  uDd  there  shoot  up  from  it  to  t| 
height!.    OccA&iunally  it  ii  alao  iuierrupted  by  smaMer  mouutaini  of  tj 
circular  form,  I 

Examples  of  bulwark  ploine  are  presented  m  the  caaea  of  Claviua,  WoHl 
Kegiomontanus,  Furbneh,  Alphonji,  and  Ftolemiiua*  | 

The  diameter  of  Clavius  is  124  miles*,  and  the  enclosed  area  ia  ix^ 
tquare  miles.  One  of  the  [>eaka  of  the  Burrouii<llng  ridge  shoots  up  to  i 
height  of  16,000  feet.  I 

The  diameter  of  Ptolemttus  is  100  milea,  and  it  encloseit  an  area  of  641 
square  miles<.  This  area  is  intersected  by  numerous  amatl  ridgc.%  nut  abo' 
a  mile  in  breadth  and  loo  feet  in  height.  Ftolemilua  is  svirrouiided  I 
very  high  mountains,  and  is  remarkable  fur  the  precipitous  character  at  ^ 
inner  sioej.  f 

The  other  bulwark  plains  above  named  have  nearly  the  aame  charaoll 
but  less  dimension  Si.  1 

(ft)  Rinrr  mtmntaini. — These  circular  formations  are  on  a  tmaller  ica 
rbitn  the  bulM-ark  plains,  varit'ing  from  10  to  50  miles  in  diameter,  and  th( 
are  generally  more  regular  and  more  exactly  circular  in  their  form.  Th< 
are  sometimes  found  upon  the  ridge  which  enclostis  a  bulwark  plain,  thi 
interrupting  the  continuitj'  of  its  boundary,  and  sometiniej)  ihey  are  ttei 
within  the  enclosed  area,  Sometimca  they  stand  in  the  midst  of  the  mart 
Their  inner  declivity  is  alwaya  steep,. and  the  enclosed  areu,  which  is  alwa; 
concave,  often  includes  a  central  mountain,  presenting  thus  the  gener 
character  of  a  volcanic  crater,  but  on  a  scale  of  magnitude  without  examp 
ia  terrestrial  volcanoea  The  surface  enclosed  is  always  lower  than  tl 
region  surrounding  the  enclosing  ridge*  and  the  central  mountain  often  risi 
to  such  A  height  that,  if  it  were  levelled,  it  would  hll  the  dt^pression. 

(i)  TjtehfK  a  riHff  m&uniain.  —  'The  most  remarkable  example  of  this  clai 
ia  Tycho  (see  chart,  lat.  439  long.  ii<*J.  This  object  is  distingutahab 
without  a  telescope  on  tlie  lunar  disk  when  full ',  bui^  owing  to  the  multitni 
uf  other  features  which  b«»me  apparent  aronnd  it  in  the  phases,  it  can  th« 
be  only  diatinguijhed  by  a  perfect  knowledge  of  its  position,  and  with  a  goc 
teletcope.     The  enclosed  «rea«  which  is  \try  nearly  circular,  is  47  miles  i 


*  The  geogTipbicol  mile,  or  the  alittieth  part  of  a  degree  of  ihe  aartib 
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di«inet«r,  nnd  ihe  inside  of  the  eoclosini^  ridge  lias  ilie  i^teepnew  of  m  will, 
lu  hejglit  ahovi  llie  level  of  the  enclosed  pUin  is  16,000  feet,  andl  above 
(bat  or  tlie  external  rcgiunii  ]i.oc!0  i^t.  There  i 8  a  centrul  mount,  tidgbt 
4700  feet,  bejjdee  a  few  le«««r  hiib  wiUiin  the  «fH'^>a^re« 

(k}  CmlerM  and  holet. —  These  are  the  Binalleat  formttiions  of  th*  circular 
eli5».  Cruters  encloH!  a.  vmhh  area,  conlainjng  gpntTAlly  a  «:eiitral  niouod 
nr  |>eiik,  exhibiting  in  a  Mrikitig  manner  the  volcanic  character.  Holea 
include  no  ri«l4e  area,  but  may  poaaibly  be  craters  on  a  scale  too  small  to 
be  diitin^rutshedi  by  the  tulescape.^ 

Fi^rniations  ot  thk  cIosb  are  innmmerahlc  nn  ovltv  pArt  of  the  Tiaible  sur- 
face of  tlie  moon,  but  ana  no  wliere  more  prevalent  thun  in  the  reginm  arouofl 
Tycho,  which  may  be  aeen  on  a  very  enlarged  acale  in  Plate  XL.  whicl* 
represents  tbat  rin^  motuDtain  and  the  adjacent  region,  extending  over  six* 
lei-ti  dvijrrwa  uf  lutitude,  and  from  iixtoen  to  Iwfnty  degrees  of  lungitude. 

(/)  Other  mnvntaiH  formatinnt. —  Hejstd*»K  the  prtt'edin^p  which  are  the 
moit  remarkable,  the  most  cbLiracteristio,  and  the  mo»t  preVAltnt,  there  are 
various  other  forms  of  mouiiLain,  claasiHed  by  Beer  aad  AllLdler,  but  tvhich 
cur  lindtN  compel  Ufi  to  nmiL 

((•«)  SimfHliir  and  unexpfamtd  nptical  pJtenommon  b/  radraiing  ttrtaki.^ 
Amonii;  the  most  remarkable  phenomena  presented  to  lunar  observera,  i«  the 
M'ftteni^  of  BtreakA  of  light  and  shade,  which  radiate  from  the  borders  of  some 
of  the  largest  of  the  ring  mouotains,  apreading  to  distance!*  of  several  hun- 
dred milcB  around  them.  Seven  of  the  mountain*  of  this  class,  visi.,  Tychoi 
Copernicus,  Kepler,  iVoclus,  Aii«ixagora.s  Arisiarchu*,  and  Olbera  are  seve- 
rally the  centred  round  which  this  extraordinary  radiation  is  manifested. 
Similar  phenomtna,  Ic&i  conspicuously  developed  Jiowever,  are  risible  around 
Mayer^  Euler,  ArislilluH,  Timocharis,  and  some  others. 

These  phenomena,  asi  di»}>hiyed  when  Ihe  moon  is  full  around  Tycho,  are 
represented  in  I'lafe  XIL  on  the  same  scale  as  Plate  XI. 

'J  hese  radiati»tf  streaks  commence  at  a  distance  of  about  xo  miles  uutside 
the  drcular  ridgo  of  Tycfao.  From  that  limit  they  diverge  and  over^pretd 
fully  a  fourth  part  of  the  visible  liemisphera.  Un  the  S.  they  extend  to  the 
edge  of  the  disk;  on  the  F...  to  Hainzcl  and  Capuauus^  on  the  S.E.  to  the 
Mare  Nubium;  on  the  N.  to  Alphons;  on  the  N.W.  to  the  Mare  XectaHs, 
and  to  the  VV.,  to  as  to  cover  nearly  the  entire  soutb-westem  qutidrant. 

Ihey  are  only  visible  when  *he  sun^s  rays  fall  upon  the  region  of  Tyciio 
At  an  incidfince  jfreater  than  25*^,  and  the  more  perpendiculurliy  the  ray:)  fall 
upon  it,  the  more  fully  developeil  the  phenowienu  will  l«j.  Thi-y  are,  tbere- 
fore,  oniy  seen  in  their  spk-ndour,  m  repreaentDd  in  I*Iate  XIL,  when  the 
moon  is  full.  As  the  moon  movea  from  opposition  to  the  la«t  quarter,  the 
fitreaks  therefore  ^nidunlly  disappear,  and  the  shadows  of  the  mountain 
formations  are  at  the  same  time  gradually  brought  into  view,  so  that  the 
aspect  of  the  moon  undergoes  a  complete  transformation.  This  change  may 
be  very  well  exhibited  by  holding  the  Plate  XIL  before  a  window  to  which 
the  hack  of  the  observer  it  turned.  He  will  tben  see  the  phenomena  as  they 
■re  |>re8en.ted  on  the  full  moon.  Let  hiro  then  luro  alowly  upon  hia  heel 
until  hi»  face  is  presented  to  the  window,  holding  the  paper  between  hiseyw 
and  the  light.  The  Plate  XI.  wilt  then  be  seen  by  means  of  the  transparency 
of  the  pap«r,  and  it  wilt  gradually  became  more  and  more  distinctly  apparent 
as  he  turns  more  directly  towards  the  light.* 


This  in^eniotu  expedient  is  luggested  by  Madler. 


It  maat  Va,  waaxnk- 
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AHhongh  tb«  motmtaiii  TfinnatloDB  generally  dJMpp«ar  under  the  i[»1( 
dour  of  these  radiating  streaks,  iome  few,  aa  will  bfi  perceived  on  P1at«  XIL^ 
continue  to  J>o  visible  ihroujBfh  therrn.  j 

Json*  of  ibe  numcroua  Msleno^raphic  observers  have  proposed  any  MtiM 
factory-  e)cpliinftti<ii5i  of  these  phenomena,  which  are  exhihite<i  nearly  in  thij 
■ame  manner  awund  the  otbi'r  ring  jnoiintainB  above  nameid.  Schrtttai 
■apposed  them  to  be  mountains,  an  hypothesis  overtumeil  by  the  ob*erT»J 
tions  Bioi'e  made  with  more  powerful  inrtrnments,  Herschul,  the  eldM*! 
sugf^ted  the  idea  of  ftnaraa  of  lava;  Cas»ini  imagined  they  might  bi 
clouds;  and  others  even  anggestedl  the  possibility  of  their  Ij^ing  roadil 
MKdIer  imaf^ines  that  these  ring  moiintain»  mny  have  been  among  the  iral 
aelenological  formations;  and,  consequently,  the  points  to  wbich  all  tb^ 
gases  eirolved  in  the  formation  of  our  eateUite  wottld  have  been  attracted^ 
Tlieae  emanation**  produccil  effects,  aach  as  vitrifleation  or  oxydalion,  whicU 
modified  the  reHective  powers  of  the  surfatie.  We  must,  however,  dismlad 
these  conjectures,  however  ingmnious  and  attractive,  referring  those  %rhS 
d«flire  to  pursue  the  subject  to  the  original  work.  j 

(11)  EnvirftHS  of  T^ehn.—* Thm  reg;ion  is  crowded  with  hundreds  of  peaks, 
crests,  and  craters  (see  Ptata  XL);  not  the  least  vestige  of  a  plain  ctin  any^^ 
wher*  be  discorered.  Towards  the  E.  and  S.E.  craters  preilominnte,  whiUi 
to  the  W.  chains  parallel  to  the  ring  are  more  nnmerous.  On  the  S.  thi^ 
mountains  are  thickly  scattered  in  confused  mame^  At  a  distance  of  15  19 
15  miles,  eraters  and  small  ring  mountains  are  seen,  few  being  circular,  btl^ 
all  apprt-Aching  to  that  form.     All  are  surrounderl  by  steep  ramparts. 

(o)  Wilhfim  /,— This  is  a  ooniitlerable  ring  mountain  S.E.  of  Tycha» 
The  flltituile  of  ita  eastern  parapet  is  10,000  feet,  that  of  it%  western  beiTig 
only  6000.  lU  crest  is  studded  with  penks ;  and  craters  of  various  magnl<i 
tudes,  height-%  and  depths,  surrounding  it  in  great  numbers,  and  giving  n 
rurieti  appearance  to  the  adjacent  region. 

(|i)  Lon^omomtanu9.  —  A  targe  dunilar  range,  having  a  diameter  of  Sd 
inii{>s,  enclo.sirig  a  plain  of  great  depth.  The  eastern  and  western  ridg«| 
ritiei  to  the  height  of  11,000  to  i3,coo  feet  above  the  level  of  the  encloie^ 
plain.  ItA  shadow  sometimes  falls  upon  and  conceab  the  numerous  craten 
and  promontories  which  lie  near  it.  The  whole  surrounding  region  is  savag^ 
and  niggef)  in  the  highest  degree,  and  must,  according  to  M tidier,  hav« 
reanlted  from  a  long  succession  of  cunvulnloni.  The  principal,  and  ap- 
parently ortginal,  crater  has  given  way  in  cotirse  of  time  to  a  series  of  new 
and  leM  violent  eruptions.  All  these  amnller  formations  are  visible  on 
the  full  mcw>n.  but  not  the  principal  range;,  which  then  disappears,  though  ita 
place  may  still  be  a^ceriained  by  it,«i  known  position  in  relation  to  Tycho, 

(9)  Magnus.  —  This  range  N  .W.  of  Tjcho  (see  Plate  1)  has  the  appear- 
ance of  a  vast  and  wild  ruin.  The  wide  plain  enclosed  by  it  liea  in  deep 
shade  ertn  when  the  sun  has  ri^sen  to  the  meridian.  Its  general  height  is 
13.000  feet  A  broad  elevated  base  con necta  the  numberless  [>eaks,  terraces, 
and  groups  of  hills  constituting  this  rnnge,  and  small  cm t era  are  numerous 
among  these  wild  and  confused  masses.    The  central  peak  a  la  a  low  but 

bered,  however  that,  while  Ptale  XL  represents  the  region  as  it  appears  in  a 
lelescope  which  inverts,  Piute  XI!.,  represents  it  as  if  it  were  reflected  in  a 
mirror,  or  as  it  would  be  seen  with  a  telescope  having  a  prismatic  eye- 
piece. 


THE  MOON. 


'49 


w«1t-(lefine«l  hill,  ctoae  to  w bieh  U  a  crater-like  depnuion,  sod  other  iMt 
coiisicleriiblfl  hill«. 

(f )  AnaJogi/  tn  terrtstrud  vaUantms  more  af^mrerU  than  nr«/—  tninrped  virtit 
fyf  GatatndL — The  volcanic  character  observed  in  the  selenogrttpUk  foftu**- 
tioQ  loses  much  or  iu  analog  to  like  roramtiona  on  th«  earth'*  vurtaca 
when  higher  magiiifving  powers  'enitble  lu  to  «xainii!ie  the  deUils  of  what 
appear  lo  be  craters,  and  io  compare  their  diuieiiiionH  with  even  the  most 
extensive  terrestrial  cralL'ra.  Numenma examples  iiiav  h^  produced  to  illus* 
Crate  thia.  We  have  ducn  that  Tvchu,  which,  viewed  under  a  mudtrule 
ma^ifying  power,  appears  to  possess  id  so  einin<Mit  a  degrco  the  volcaiuc 
charact«r,  is,  in  fact,  a  cirLular  chain  enclosing  im  anwi  upwards  of  fifty 
miies  in  diameter.  Gaasendi,  another  {system  of  like  form,  and  of  still  fnora 
stupendous  dimensioni^t  is  deUneated  In  Plate  XIII  ,  us  seen  with  hi^K 
magnilying  powers.  This  remarkable  cibjei"t  consists  of  two  enormuus  cir* 
cular  chains  of  mountuinSf  the  leader,  which  lies  to  the  north,  mcusurinjj 
l6|^  miles  in  diameter,  and  th«  greater,  lying  tu  thu>  »(juth»  enclosing 
an  area  60  milea  in  diameter.  The  area  endoaod  by  the  furnnfr  is 
therefore  114,  and  by  the  latter  1827  Bquare  miJea.  The  height  of  the 
les-'^r  choin  is  about  10,000  feet,  while  that  of  the  greater  varies  from  3500 
to  5000  feet.  The  vast  area  thu»  enclosed  by  the  fjreater  chain  include*,  a( 
or  near  its  centre,  a  principal  central  mountaiti.  having  eijjht  peaks  and  an 
hei^riit  of  2000  feet»  while  scaltered  over  the  surrounding  enclosure  up- 
wards of  a  huodred  luountaiuB  of  less  coasiderable  elevation  have  he«ii 
counted. 

It  is  easy  to  see  how  little  analogy  t<»  a  terrestrial  volcanic  crater  is  pre~ 
sented  bv  these  characters. 


The  preceding'  selections,  combined  with  the  chart**;  Plates  I., 
XI.,  XIL,  and  XIII.,  will  serve  to  show  the  general  pky»ical  character 
of  Uiti  lunar  aiurfae*,  &aJ  the  elaborate  accuracy  vdik  which  it  has 
bet'E  Bubmitted  to  telescopic  exanuntttion.  In  the  work  of  Beer 
and  iliidler  ti  table  of  the  hei^'hts  of  above  1 000  tiioontains  ia  (jiven, 
several  of  which  nttidii  to  an  elevation  of  23,000  feet,  equal  to  that 
of  the  highcat  aunimits  of  terrestrial  mountain b,  while  the  diameter 
of  the  mooD  is  little  more  thnn  a  quarter  that  of  the  earths 

213.  OliverTatloiu  of  HersebeL  —  Sir  John  Hersehel  sayB, 
that  amoD^  the  lunar  mountoiua  may  be  observed  in  its  higheit 
Perfection  the  true  volciuiic  character,  ad  seen  in  the  crater  of 
Vetiuvius  ftnd  elsewhere  ;  htit  with  the  remarkable  peculiarity  that 
the  bottoms  of  many  of  the  craters  are  very  deeply  depressed  below 
the  general  eurfa.ce  of  the  moon,  the  internal  depth  beiagf  in  many 
cases  two  or  three  timed  the  external  height.  In  eomo  case«,  be 
thinks,  decisive  marks  of  volcanic  strati ti cation,  arisiDg  frcjm  a 
fluoceiwion  of  deposits  of  ejected  matter,  and  evident  indicutionB  of 
currents  of  lava  streaming  outwards  in  all  directions,  may  he  clearly 
traced  with  powerful  telescopes. 

2 1 4..  Obaerratlons  of  tbe  SoLrl  of  Roaso.  —  By  means  of  the 
great  redeLtiiig  telescope  of  Lonl  Imks.sc,  the  flat  bottom  of  the 
crater  called  Albategniua  i^  diiitinctly  seen  to  be  atrewed  vd\J\ 
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blocks,  not  Tiaible  with  le«a  powerful  infltnimente ;  while  the  ex- 
terior of   another  (AristUlua)   m  iut«raected  with  deep  gulli 
riidiatiug  from  it*  e outre* 

215.  flupposed  Isflaenoe  of  the  moon  on  tli«  weatber.  — « 

Aniotig-  lb©  tnajiy  itillii€nLe3  which  the  Bic«n  id  aupposedl^  by  th^ 
worW  in  genenU,  to  exercise  upon  our  globe,  one  of  thu.st*,  whichi 
hafl  been  moat  univursallj  believed^  in  rU  ages  and  in  dl  countiies,  t 
that  which  it  i»  pres'umed  to  exert  upnn  the  changes  of  the  weather* 
Although  the  particular  di^taili  of  this  inllueEice  are  sometimes 
pretended  to  be  described,  the  only  general  principle,  or  nila 
which  prevails  with  the  world  in  ^'uerftl  is,  that  a  change  of  weathev 
may  be  looked  for  at  the  ep<DK!hs  of  new  and  full  moon  :  that  ie  to 
say,  if  the  weather  be  previonely  fair  it  will  become  foul,  and  if 
foul  "wall  become  fair.  Similar  changes  are  also,  sometimes,  thought 
not  80  confidently,  looked  for  at  the  ep)ch9  of  the  quarters. 

A.  question  of  this  kind  may  bo  regarded  either  aa  a  question  ol 
science,  or  a  question  of  fact. 

If  it  bo  regarded  aa  a  question  of  science,  we  are  called  upon 
explain  how  and  by  what  property  of  matter,  or  what  law  of  natural 
or  atti-actiou,  the  moon,  at  a  distance  of  a  quarter  of  a  niLillion  of 
piiles,  combining  its  effects  with  the  suu^  atfour  huntJrcd  times  that 
distance,  can  produce  tho«©  alleged  changes.  To  this  it  may  bo 
readily  answered  that  no  known  law  or  principle  has  hitherto 
explained  any  aueh  phenomena.  The  moon  and  sun  must,  doubt-, 
lass,  affect  the  ocean  of  air  which  surrounds  the  globe,  as  they  afl&ct 
the  ocean  of  water  ^producing  effecta  analogouB<  to  tides ;  but  wheti 
the  quantity  of  such  an  effect  is  estimated,  it  is  proved  to  be  auch 
as  could  by  no  means  account  for  the  meteorological  changes  hers 
atl  verted  to. 

But  in  conducting  inve^tig^ations  of  this  kind  we  proceed  alto-^ 
gether  in  the  wrong  direction,  and  begin  at  the  wrong  end,  when  | 
we  commence  with'  the  investigation  of  the  phyaiwd  cause  of  the 
supposed  phenomena*  Our  first  bnainees  is  carefully  and  accurately 
to  observe  the  phenomena  of  the  chaugea  of  the  weather,  and  then  I 
to  put  them  in  juxtaposition  with  the  contemporaneous  chiitngea  of  I 
the  lunar  phases.  If  there  be  any  discoverable  correi»pondence,  it  ■> 
then  becomea  a  question  of  physics  to  aasign  its  cau^e.  ' 

Such  a  course  of  observation  has  been  made  in  various  observa- 
tories with  all  the  rigour  and  exactitude  necessary  in  such  an 
inquiry,  and  has  been  continued  over  periods  of  time  so  extended, 
as  to  efface  all  conceivable  effects  of  accidental  irregidarities. 

We  can  imagine,  placed  in  two  parallel  columns,  in  juxtaposition, 
the  series  of  epochs  of  the  new  and  full  moons,  and  the  quarters, 
and  the  corresponding  conditions  of  the  weather  at  these  times,  for 
lifly  or  one  hundred  years  back,  so  that  we  may  be  enabled  to  ex- 
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I,  SB  A  mere  matter  of  fact,  the  con<lJtioiis  of  the  weather  for 
one  thousand  or  twulvft  himdm4  full  and  new  moons  and  quartera. 

From  such  a  mode  of  observation  and  inquiry,  it  has  resulted 
coucl  naively  that  the  popular  notions  eoncurninj,^  the  influGUce  of  the 
luuar  phases  on  the  weather  have  no  foundation  in  theory^  and  no 
correspondence  with  observed  facts.  That  the  moon,  by  her  gravi- 
tation, exerts  an  attraction  on  our  atmosphere  cannot  be  doubted; 
but  the  effects  which  that  attraction  would  produce  upon  the 
weatker  are  not  in  accordance  with  observed  pheuomenii;  and, 
therefore^  th*^»e  effects  are  either  too  small  in  amount  to  be  appre- 
ciable in  the  actual  state  of  nieteorological  instruments,  or  they  are 
obliterated  by  other  more  powerfiil  causes,  from  which  hitherto  they 
have  oot  been  eliminated.  It  appears,  however,  by  some  series  of 
observation?,  not  yet  conlirraed  or  continued  through  a  sufficient 
period  of  time,  that  a  slight  correspondence  may  be  discovered 
between  the  periods  of  rain  and  the  phases  of  the  mcM>n,  indicating 
a  very  feeble  influence,  depending  on  the  relAtive  poaition  of  that 
luminary  to  the  sun,  but  having  no  disco  vemble  relation  to  the  liiDar 
attraction.  This  is  not  without  interest  as  a  subject  of  scieatilic 
inq^mry,  and  is  entitled  to  the  attention  of  meteorologists ;  but  ita 
ioflueaue  is  so  feeble  that  it  is  altogether  destitute  of  popular  interest 
as  a  weather  prognostic.  It  mny,  therefore,  be  stated  that,  as  far 
as  obaervaticm  combined  with  theory  has  afforded  any  means  of 
kiibwledgc,there  are  no  grounda  for  the  prognostications  of  weather 
erroneously  supposed  to  be  derived  from  the  influence  of  the  sun 
and  moon. 

Those  who  are  impressed  with  the  feeling  that  an  opinion  so 
universally  entertained  even  in  countries  remote  from  each  other, 
as  thrtt  which  prenumes  an  influence  of  the  moon  over  the  changes 
of  the  weather,  will  do  well  to  remember  that  against  that  opinion 
we  have  not  here  opposed  mere  theory.  Nay,  wet  have  abandoned 
for  the  occaaon  the  t)upport  that  science  might  aflbrd,  and  the  light 
it  might  shed  on  the  negative  of  this  question,  and  have  dealt 
with  it  as  a  mere  question  of  fact.  It  mutters  little,  so  fur  as  this 
question  is  conr^rued,  in  what  manner  the  moon  and  sun  may  pro- 
duce an  effect  on  the  weather,  nor  even  whether  they  be  active 
causes  in  producing  such  effect  at  all.  The  point,  and  the  ouly 
point  of  importance,  is,  whether,  regarded  as  a  mere  matter  of  fact ^ 
any  corwapondence  between  the  changes  of  the  moon  and  those  of 
the  weather  exists  P  And  a  short  examination  of  the  recorded  facta 
proves  that  it  does  xot. 

216.  dtber  mpposed  luaftr  InAnezioes.  —  But  meteorological 
phenomena  are  not  the  only  effei^ts*  imputed  to  oiur  satellite :  that 
body,  like  comets^  is  made  re.*ponsible  for  a  vast  variety  of  inter- 
ferences with  organised  nature.     The   cixculatiou  of  the  juices  of 
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vegetables,  the  qualities  of  grain,  the  fate  of  the  vintage,  are 
luifl  lo  ita  ftccoimt  j  and  timber  must  be  felled,  the  harvest  cut  dowti 
and  g3itheK*d  in,  ttnd  th«  juice  of  the  p'apo  expressed,  Rt  times 
and  under  eircniuetaiicefl  legiiliited  by  the  aspect*  of  the  moon,  if 
excellence  be  hoped  for  in  these  products  of  the  soil. 

According  to  popular  belief,  our  satellite  also  presides  oTer  human 
maladies ;  und  the  pbeaomena  of  tho  sick  chamber  are  governed  by 
the  lunar  phfi^ea;  nay,  the  very  marrow  of  our  boneS;  and  the 
weight  of  our  bodiess,  sidler  increase  or  diminution  by  its  influence^ 
Kor  i*  its  imputed  ].K>\ver  confined  to  physical  or  organic  ed'ects;  it 
notorioujily  governs  luent-ol  derangemeut. 

If  these  opinions  re^pectiug  lunar  influenr^s  were  limited  to 
pfirticular  couutrieft,  thtn'  would  be  lesa  enlitle<l  to  serioua  con- 
flideration ;  but  it  is  a  curioiia  fact  that  many  of  thvm  prevail  and 
have  prevailed  in  quarters  ttf  the  earth  so  diatant  and  uiiconnei^ted, 
that  it  ia  ditlicult  to  imagine  the  Bome  error  to  have  proc«eded 
from  the  same  aource. 

Our  Uinit«j  *uid  tiie  objects  lo  which  tbiu  volnme  ia  directed^ 
render  it  impoadible  here  to  notice  more  fidly  the  phy»ical  and 
physiological  iufluence*  imputed  to  the  raooa,  more  ©ispecially  «» 
these  inlluencea,  though  intere^ing  in  tbemeelTefl,  have  but  an 
indirect  connection  with  lunar  astronomy. 

217.  Tlie  lunar  tlieorj.  —  It  is  the  object  of  this  work  to 
present  to  the  reader  in  as  concise  a  form  m  possible,  a  gen^hd 
description  of  the  celeatiul  motiona  peculiar  to  each  member  of  the 
solar  gystem,  vsithout  adding  to  the  text  eymboUcal  eicplanatioa* 
where  they  can  etiaily  be  avoided  j  tboi*e  of  our  readers  who  desire 
to  ent^r  largely  into  the  theoretical  brand i  of  lunar  ntrtronoiwj 
should,  thcrefoi-e,  consult  those  works  which  are  more  jwirticularly 
devoted  to  the  subject.  At  the  present  moment  some  of  our 
greatest  mathematicians  are,  not  only  in  England,  but  alao  in  France 
and  Genuany,  discussing  severul  of  tlie  moat  difficult  ffortions  of 
the  lunar  theory,  bringing  to  their  aid  the  higher  mathematical 
analysis  in  the  fowet  of  the  human  intellect.  The  publiaitiun  of 
the  reductioM  of  the  Greenwich  observations  of  the  m»kon  made 
since  1750  up  to  a  mndom  date,  has  to  a  great  extent  been  tba 
origin  of  all  these  important  investigations.  As  one  great  result. 
Professor  Hanst*n  of  Gothii,  using  theae  observfttions  for  the  perfec- 
tion of  the  theory,  has  formed  lunur  tablea,  which  fr*uu  their 
general  agre«ment  with  a  confiiderablo  number  <if  modem  ob- 
servations, with  whicii  they  have  been  compared,  are  considered 
worthy  of  being  classed  amongat  the  greatest  triumphs  of  theoi^tical 
astronomy. 
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CHAPTER  XI, 


THK   TIDES  AWD  TKADK  WTSDS. 


2tS,  Correspoadeace  between  tlie  recmrrence  of  the  tides 
and  tlie  dliu-Bal  appearaaoe  of  tbe  in«oii.  —  The  pUeuojiuena 
of  the  tides  of  tbe  oceftn  are  too  Temarkuble  not  to  have  attract eil 
notice  at  aa  (-arly  pvnod  in  the  progress  of  kiiowledg;<*.  The 
inlervala  between  the  epochs  of  high  and  low  water  everywihere 
corpesponding  with  the  iiiten-ala  between  thij  passftge  of  the  moon 
over  the  meridiaa  above  and  below  the  horizon,  suggested  naturRlly 
tho  phy.'iicfti  connection  between  these  two  effects,  and  indicatt'd 
tilt!  prohabilit}'  of  the  cause  of  the  tidea  being  found  in  the  motion 
of  the  moon. 

219.  Sivcmaciiu  notions  of  tbe  InoBj'  loflltienoe. — There 
are  few  subjects  in  physical  science  about  which  more  erroneous 
notions  prevail  among  thoae  who  are  but  a  little  inlbrmed.  A 
common  idea  is,  that  the  attnu!tion  of  the  moon  drawg  the  waters 
of  the  earth  toward  that  side  of  the  j^lobe  on  which  it  happens 
to  be  placed,  and  that  consequently  they  are  heaped  up  on  that 
eide,  so  that  tho  oceans  and  &eiis  acquire  there  a  prreater  depth  than 
elsewhere  ;  and  that  high  water  will  thus  take  place  under,  or 
nearly  under,  the  moon.  But  this  does  not  coiTeepond  with  the 
fact.  High  water  is  not  produced  merely  under  tho  moon^  but  is 
equally  produced  upon  those  parts  most  removed  from  the  moon. 
Suppose  a  meridinn  of  the  earth  eo  selwted,  that  if  it  wertJ  con- 
tinued beyond  the  earthy  it«  plane  would  paas  through  the  mqon  j 
we  iind  that,  subject  to  certain  modili cations,  a  great  tidal  wave> 
or  what  ia  Cidled  htffk  WfUeTf  will  be  formed  on  both  sides  of  this 
mendian  ;  that  ia  \o  say,  on  the  side  next  the  moon,  and  on  the 
side  remot*!'  from  the  moon.  As  the  moon  nioi'es,  tht^se  two  givat 
tidal  waves  follow  her.  They  are  of  course  8eparat4?d  from  each 
other  by  half  the  circumference  of  the  globe.  As  the  globe  re- 
volves with  its  diurnal  motion  upon  its  axis,  every  part  of  its 
surface  pai»aes  succesaively  under  the^  tidtd  waves ;  and  at  all 
such  parts,  na  they  pHss  under  them,  there  is  the  phenomenon  of 
high  water.  Hence  it  is  that  in  all  places  there  are  two  tides 
daily,  having  an  interval  of  about  twelve  hours  between  theui, 
Now,  if  the  common  notion  of  the  cause  of  the  tides  were  well 
founded,  there  would  be  only  one  tide  daily  —  viz.,  that  which 
wouhl  take  place  when  the  moon  is  at  or  near  the  meridiftu. 

2  20.  Tbe  moon's  attrftotlon  alone  will  not  explain  tbe  tides. 
—  That  the  inoon'a  attractSon  upon  the  eailk  W^to^V^  ^acsosAsstvjik. 
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would  not  explain  the  tides  is  easOy  shown.  Let  us  fluppoae  that 
the  whole  mnaa  of  matter  on  the  enrlh,  ineliidinjr  the  waters 
which  partially  cover  it,  were  attracted  equally  by  the  raoon ;  they 
would  then  be  equally  drawn  toward  that  body,  and  no  reA«OD 
would  etist  why  they  shoidd  be  heaped  up  undt?r  the  moon  ;  for 
if  they  were  drawn  mth  the  same  force  aa  that  with  which  the 
solid  globe  of  th«  earth  under  th^m  is  drawn,  there  would  be  no 
reason  for  supposing  that  the  waters  would  have  a  greater  tendency 
to  collect  toward  the  raoon  than  th«  solid  bottom  of  the  ocean  on 
which  they  test  lit  short,  the  whole  mass  of  the  earth,  solid  and 
Huid,  being  drawn  with  the  *aiue  ibrcei  would  equally  tend  toward 
the  moon ;  and  its  parts,  whether  solid  or  fluid,  woidd  preserve 
among  themselves  the  same  relative  position  aa  if  they  were  not 
attracted  Rt  all. 

221,  Tides  GBii>«4  by  tlie  dtlTercnGe  ortb«  sttrnotloa*  on 
Oiffereint  ports  of  tbe  eart^  —  When  we  obser^et  however,  in  a 
maaa  cotnjwsed  of  yariou*  particles  uf  matter,  that  the  illative 
arrangement  of  these  particles  ia  disturbed,  some  being  driven  in 
certain  dLrttetiona  more  than  others,  the  inference  is,  that  the  com- 
pom?nt  parts  of  such  &  mass  must  he  placed  under  the  operation  of 
different  forces :  th^wo  which  tend  more  than  others  in  a  uertain 
directian  hfing'  driven  with  a  proportionally  greater  force.  Siieh 
ia  the  case  with  the  earth,  placed  under  the  attraction  of  the  moon. 
And  this  is,  ip  foct^  what  must  happen  under  the  operation  of  on 
attractive  force  like  that  of  gravitation,  which  diimniahes  in  its 
intensity  as  the  square  of  the  distance  increases. 

Let  A,  B,  c,  D,  E,  F,  o,  H,  Ji^/,  J  2,  represent  the  globe  of  the 
earth,  and,  to  simplify'  the  explanation,  let  us  first  suppose  tha 
entire  surface  of  the  globe  to  bo  covered  with  water.  Let  Jt,  the 
moon,  be  placed  at  the  distance  M  n  from  the  nearest  point  of  the 


Fig.  fi. 


surface  of  the  earth.  Now  it  will  be  apparent  that  the  various 
pointa  of  the  earth's  surf  ace  are  at  dilferent  di&tances  from  the 
moon  Jf .     Ji  and  Q  are  myna  rftmsiW  liiaxi  li  \  iv  im^  ii  iftS^  vs^v^ri 
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mote ;  c  ond  E  more  distant  again,  and  d  more  remote  than  all.  The 
attrai'tion  whkb  tlie  moon  exerciaijs  at  n  is,  therefore,  greater  than 
that  which  it  exerciBes  at  a  and  o,  and  still  ^ater  than  that 
which  it  producers  at  B  and  v  ;  and  the  attraction  which  it  exerci^a 
at  n  ia  least  t>f  all.  Now  thi:*  attraction  equally  afiects  matter  in 
every  state  and  condition.  It  atVecta  the  particlea  of  fluid  as  well 
aa  solid  matter;  hut  there  ia  thb  difference,  that  where  it  acta 
upon  solid  matter,  the  component  parta  of  which  are  at  difTerent 
diBtances  from  it,  and  therefore  subject  to  diifereat  attractiona,  it 
will  not  ilistnrh  the  relative  arrangement,  aince  such  disturhancea 
or  disarmngenient^  are  prevented  by  the  coheaion  which  chariicter- 
iaes  ft  aolid  hudy  j  hut  this  is  not  the  case  with  fluida,  the  particles 
of  which  are  mobile. 

The  attractjon  which  the  moon  eiercisea  upon  the  shell  of 
water,  which  is  collected  immediately  under  it  near  the  point  z, 
ia  greater  thiin  thift  which  it  exercieea  upon  the  Mjlid  niasa  of 
the  globe ;  cooaequentty  there  will  be  a  greater  tendency  of  this 
attraction  to  draw  the  fluid  which  resta  upon  the  surface  at  h 
toward  the  niuou,  than  to  draw  the  solid  maaa  of  the  earth  which 
ia  more  dietaut 

Aa  the  fluid,  by  its  nature,  is  free  to  obey  this  excess  of  attrac- 
tioti,  it  will  necessarily  heap  itself  up  id  a  pile  or  wave  over  H, 
forming  a  convex  protuberance,  aa  represented  between  r  and  i* 
Thua  hiprh  water  will  take  place  at  E,  immediately  under  the 
moon.  The  water  which  tlius  collects  at  H  will  necessarily  flow 
from  the  regrions  B  and  F,  where  therefore  there  will  be  adiminiflhed 
quantity  in  the  same  proportion. 

But  let  ua  now  consider  what  happens  to  that  part  of  the  earth 
D.  Here  the  waters,  being  more  remote  from  the  moon  than  the 
solid  mass  of  the  earth  under  them,  will  be  less  attracted,  and 
consequently  will  have  a  less  tendency  to  jaravitate  toward  the 
moon.  The  solid  mass  of  the  earth,  D  H,  will,  aa  it  were,  recede 
from  the  waters  at  ?j,  in  virtue  of  the  excesa  of  attraction,  leaving 
these  waters  behind  it,  which  wiU  thus  be  heaped  up  at  »,  so  as  to 
form  a  convex  protuheiTince  butwiit^n  /  and  k,  similar  exactly  to 
that  which  we  have  already  described  between  r  and  i.  As  the 
difference  between  the  attraction  of  the  moon  on  the  waters  at  z 
and  the  solid  earth  under  the  waters  ia  nearly  the  same  as  the 
difference  between  ita  attraction  on  the  latter  and  upon  the  waters 
at  «,  it  follows  that  the  height  of  the  fluid  protuberances  at  z  and 
*i  are  equal.  In  other  words,  the  heig-ht  of  the  tides  on  opposite 
aides  of  the  earth,  the  one  being  under  the  moon  and  the  other 
most  remote  from  it  are  equal. 

It  appears,  therefore,  that  the  cause  of  the  tides,  so  fat  aa  tlwb 
actiou  of  the  niooa  ia  concerned,  \a  UQl,  ^  \a  nx^^>^1  ^M^-^gaitft^ 
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the  mere  uttrftction  of  llie  moon ;  since,  if  that  atiructioD 
equal  on  all  the  component  parte  of  the  eartli,  there  would  a^uredl y 
be  DO  tides.  We  lire  to  look  for  the  cause,  not  in  the  attraction  of 
the  moon,  hut  in  the  inequalilj/  of  its  ftttmction  on  diilisrent  pnrta 
of  the  earth.  The  gfrt.ater  this  inequality  ia,  the  greater  will  be 
the  tides,  llenee,  tts,  the  moon  is  subject  to  a  aliicrfat  variation  uf 
distance  from  the  earth,  it  will  follow,  that  when  it  ib  at  ita  least 
diatauee,  or  at  the  point  cidled  pei-uje^f  the  tideas  will  be  greatest  ; 
and  when  it  ia  wt  the  gireatest  dietunee,  or  at  the  point  called 
apfiffecf  the  tides  will  be  least ;  not  because  the  entire  attraction  cjf 
tie  moon  in  the  former  case  is  greater  than  in  the  latter,  but  be- 
cause the  diAzneter  of  the  globe  bearing  a  greater  proportion  to  the 
leaser  dii^tance  than  the  greater,  there  will  be  a  greater  iuequaUUf 
of  attraetion. 

2ZZ.  SITeotft  of  ann'a  attraotloii. — It  wiU  occur  to  those  who 
bettow  on  thew  obHervHtions  a  little  rctlijiction,  that  all  which  we 
have  stated  in  reference  to  the  effects  produced  by  the  attraction  of 
the  moon  upon  the  earth»  will  tdso  be  applicable  to  the  attniction 
of  tbe  Biin.  This  is  uuiloubiedly  true  ;  hut  in  the  case  of  the  sun 
the  effects  are  moditied  in  some  very  important  respects.  The  stm 
iaat  400  times  a  gre^iter  distance  than  the  moon,  and  lhe  actual 
amount  of  ita  attraction  on  the  earth  would,  on  that  aceouLnt,  be 
160,000  times  less  than  that  of  the  moon;  but  the  mass  of  the 
sun  exceeds  that  of  the  moon  in  a  much  f^eater  ratio  than  that  of 
160,000  to  I.  It  therefore  possesaes  a  much  greater  attracting 
power  in  a  irtue  of  its  mass,  cotHpRrmi  with  the  moon,  than  it  loses 
by  its  greater  diatantie.  It  exerciaee,  therefore,  upon  the  earth  an 
attraction  enormously  greater  than  the  moon  exemisea.  Now,  if 
the  simple  amount  of  its  attraction  were,  as  is  commaoly  sup- 
posed, the  cause  of  the  tidee,  the  sun  onght  to  produce  a  vastly 
greater  tide  than  the  moon.  The  reverse  ia^  however,  the  caee, 
and  the  cause  ia  easily  explained.  Let  it  be  remembered  that 
the  tides  are  due  solely  to  the  inequality  of  the  attrition  on 
different  sides  of  the  earth,  and  the  greater  that  inequality  i*,  the 
greater  will  be  the  tides,  and  the  less  that  inequality  is,  the  lesa 
will  Ije  the  tides. 

In  the  case  of  the  sun,  ihe  total  distance  is  1 2,000  diameters  of 
the  earth,  and  consequently  the  difference  betweetj  ita  distances 
from  the  one  side  and  the  other  of  the  earth  will  b©  only  tb© 
I  z,oootb  part  of  the  whole  distance,  while  in  the  case  of  the  moon, 
the  total  distance  being  only  30  diametera  of  the  earth,  the  diiFer- 
ence  of  the  distances  from  one  side  and  the  other  is  the  jotb  part 
of  the  whole  distance.  The  inequality  of  the  attraction,  upon  which 
nJone,  and  not  on  its  whole  amount,  the  pnxluction  of  the  tidal 
wave  JependSj  is  tbereforia  much  jgtu&Wr  m  xk^  caaua  olt.  ^^WkUKAi^ 
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AccordinjET  to  Newton's  calculation,  the  tidal  wave  due  to  the  niooa 
LI  greater  iti  heijfht  than  that  due  to  the  sun  in  the  ratio  of  58  to 
23,  or  2^  to  1  veiy  nearly. 

225.  Cause  of  spring-  and  neain  tides. — There  is,  thereforoi  a 
nolar  63  well  as  a  lunar  tide  wfive,  the  former  being  much  leaa 
elevated  than  the  letter,  and  each  following  the  Imninorr  from 
which  it  takes  its  name.  Wheti  the  sun  and  moon,  therefore,  are 
either  on  the  same  side  of  the  earth,  or  on  the  opposite  mdes  of  the 
earth — hi  oth&r  words,  when  it  la  new  or  full  moon  —  their  effects 
in  producing  tides  are  combined,  and  the  spring  tide  b  produced, 
the  height  of  which  la  equal  to  the  aolju:  and  limar  tidea  token 
togi?ther. 

On  the  other  hand,  when  the  sun  and  moon  are  separated  from 
each  other  by  a  distance  of  one  fourth  of  the  heavens,  that  is, 
when  the  moon  ie  in  the  qu&rtent,  the  eilect  of  the  aolar  tide  has  a 
tendency  to  diminish  tJiat  of  the  lunar  tide. 

The  tidea  produced  by  the  combination  of  the  lunar  and  solar  tide 
waves  at  the  time  of  new  and  full  moon  are  called  SPKrN'&  tides  ; 
and  those  produced  by  the  lunar  wave  diniinlshed  by  the  effect  of 
the  solar  ware  at  the  quarters  are  called  neap  TTBEa. 

224.  ^mty  tHe  tides  are  not  prodnoed  dlreetlj  nnder  tbe 
moon. —  If  physicAl  effect-*  tbllowed  inimediat^ly  without  any 
appreciahl©  iater\*al  of  time  the  operation  of  their  causo^,  then  the 
tidal  ware  produced  by  the  moon  would  be  on  the  meriditto  of  the 
earth  directly  under  and  opposite  to  that  luminary  ;  and  the  same 
would  ho  true  of  the  solar  tides.  But  the  waters  of  the  globe  have 
in  common  %rith  all  other  matter,  the  property  of  inertia,  and  it 
tnkes  ft  certain  interval  of  time,  to  impress  upon  them  a  certain 
change  of  position.  Hence  it  follows  that  the  tidal  wave  produced 
by  the  moon  is  not  formed  immediately  under  that  body,  but  fuUowa 
it  at  a  certain  distance.  In  consequence  of  this,  the  tide  raised  by 
the  moon  does  not  take  place  for  two  or  three  hours  aft«r  the  moon 
passes  the  meridian  ;  and  as  the  action  of  the  sun  is  still  more  feeble, 
there  is  a  still  greater  interval  between  the  transit  of  the  sun  and 
occurrence  of  the  soiar  tide* 

22 V  l^Hmlnr  and  lagerlnr  of  tlie  tld«»*— But  besides  these 
circumstances,  the  tide  is  atrecte<i  by  other  causes.  It  is  not  to  the 
separate  effect  of  either  of  these  bodies,  but  to  the  combined  effect 
of  both,  that  the  effects  are  due  ;  and  at  every  period  of  the  month, 
the  time  of  actual  high  water  is  either  accelenited  or  retarded  by 
the  sun.  In  the  first  and  third  quartera  of  the  moon,  the  solar  tide 
is  westward  of  the  lunar  one ;  and,  consequently,  the  actual  high 
water,  which  is  the  result  of  the  combination  of  the  two  waves,  wDl 
he  to  the  weatwjmi  of  the  place  it  would  have  if  ihft  uvtyNTv  ^jtXsA. 
alone^  and  the  time  of  high  watei  wiil  \iietftlcrtft\3fe  w5KA«t»^l^^   ^sx. 
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the  second  and  fourth  quarters  the  general  effect  of  tlw  f^un  is,  fo 
n  Bimilax  reitsoD,  to  pmduce  a  retardation  in  the  time  of  hig-h  wat 
Thifi  effect,  produced  by  the  sun  and  moon  eouibined,  is  what 
commonly  cyiiled  the  priming  and  la^gi^ig  of  the  tides.     The  higheal 
spring  tides  occur  when  the  moon  passes  the  meridian  about  f 
hour  after  the  sun ;  for  then  the  maximum  eJfect  of  the  two  bodii 
coincides* 

226.  Kesearoliei  of  "Wliewell  uidKabbook. —  The  subject Q 
the  tides  has  of  lat*  yejirs  received  mucli  attention  fnim  sevei 
ficienlilic  investigator*  in  Europe,  The  disctissiotis  held  at  the  a 
nual  meetings  of  the  Britiah  Association  for  the  Ailvaneument 
Science,  on  this  subJRct,  have  led  to  the  development  of  much  u^fu 
information.  The  laboursof  Professor  Whewell  have  been  esptjciall] 
Vidiiable  on  these  quej^tions.  Sb  John  Lubbock  ba^  ^dso  publishw 
a  valuable  trefttine  upon  it.  To  traee  the  results  of  these  inveetS 
patioaa  in  all  the  details  which  would  render  them  clear  and  inteW 
lijurible,  would  grt^atly  transcend  tb©  neceeaarj'  limil-e  of  thb  voliim 
We  ahalU  however,  briefly  advert  to  a  few  of  the  most  remarkably 
points  connected  with  these  questionp* 

227.  Valrn'  mMtil.  eorrceied  estatitiBliinent.^ — The  appareil 
time  of  high  water  at  any  port  in  the  afternoon  of  the  day  of  neK 
or  full  moon,  is  what  is  nauaUy  called  the  ediibft'shmmi  of  the  pof^ 
Prt^fe(*sor  Wbewell  calla  this  the  vnlgar  e«tablij»hnietit,  and  ]i4 
calls  the  c&rrected  exfahlkhmt'td  the  mean  of  all  the  intervals  of  thi 
tide«  aod  tranait  of  half  a  month.  This  corrected  establishment  14 
consequeDtly  the  luni-tidal  interval  corresponding  to  the  day  oQ 
which  the  niat>n  passes  the  meridian  at  noon  or  midnight  ( 

228.  XHnniiU  IneitiuaitT'.  —  The  two  tides  immttdiately  follow?! 
ino-  one  atiother,  or  the  tides  of  the  day  and  ni^rht,  vary,  both  il 
height  aud  time  of  hig^h  water  at  any  particular  place,  with  the  dift^ 
tance  of  the  sun  and  mot>n  from  the  ei^uator.  As  the  vertex  of  Xht 
tide  wave  always  tends  to  place  its^df  vertically  under  the  limiinaij 
which  produces  it,  it  is  evident  that  of  two  consecutive  tides,  tha*| 
which  happens  when  the  moon  is  nearest  the  zenith  or  nadir  will  ba 
preater  than  the  other  ;  and,  consequently,  when  the  moon's  decli*« 
nation  is  of  the  same  denomination  as  the  latitude  of  the  place,  th«| 
tide  which  corresponds  to  the  upper  transit  will  be  greater  thaal 
the  opposite  one,  and  vice  i^sd^  the  diftierence  being  greatest  when 
the  sun  and  moon  are  in  opposition,  and  in  opposite  tropica.  This 
is  called  the  dtubsm,  lifEUtTALTTT,  because  hs  cycle  is  one  day  ; 
but  it  varies  greatly  ftt  different  places,  and  its  laws,  which  ap- 
pear to  be  governed  by  local  circumstances,  ai-e  vei^  imperfect! j 
known.  * 

22g.  Xo«flkl  effect*  of  tlie  laaa  upon  t^«  tide*. — We  have 
now  descTih*id  tka  ^lia^^^^ii '^\i^Tiiyaxvxi^i^^ 
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the  earth  &  sphere,  iind  covered  entirely  wntli  a  fluid  of  uniform 
depth.  But  the  actual  phenomena  of  the  tides  we  intioitely  more 
complicftted.  Frora  the  mtemiption  of  the  land^  &nd  the  irregular 
fnriu  and  depth  of  the  oeeaiii  combined  with  many  other  diaturbing 
rirruiiistauceg,  amoDg  which  are  the  inertia  of  the  WRterap  the 
friction  on  the  bottom  and  eidea,  the  nftrrownes,?  and  leop^th  of  the 
cha-nneisj  the  actioE  of  the  wind,  currents,  difference  of  fttmoepberic 
prepare,  &c,  &l\,  |<reat  variation  takes  place  in  the  mewn  times  and 
heijirhits  of  hiprb  water  at  places  dilTerently  situated. 

230.  Velodtf  of  ttdal  wave.— In  the  open  ocean  the  crest 
of  tide  travels  with  enormous  velocity.  H  tlie  whole  eurface  were 
uniformly  covered  with  water,  the  summit  of  the  tide  wave,  being 
mainly  governed  by  the  moon,  would  overjwheiv  follow  the  moou'a 
transit  at  the  same  interval  of  time,  imd  eonw^queutlj  travel  round 
the  earth  in  a  little  more  than  twenty 'four  houra.  But  the  cir- 
cumference of  the  earth  at  the  equator  being  about  25,000  niileej 
the  velocity  of  propagation  would  therefore  he  about  1 ,000  milea 
per  hour.  The  actual  velocity  is,  perbapSj  nowhere  equal  to  tbift, 
and  is  veiy  difl'erent  at  dilFerent  places.  In  latitude  60*^  south , 
where  there  ia  no  interruption  from  land  ^excepting  the  narrow 
]»roniontory  of  Patagonia),  the  tide  wave  mil  complete  a  revolution 
in  a  lunar  day,  and  con^fquently  travel  at  the  mte  of  670  miles  an 
hour.  Un  examining  Br.  WheweU'a  map  of  cotidal  lines,  it  will 
he  seen  that  the  jgrreat  tide  wave  from  the  Southern  Ocean  travels 
fnDm  the  Cape  of  Good  Hope  to  the  Azores  in  about  twelve  hours, 
and  from  the  Azores  to  the  southernmost  part  of  Ireland  in  about 
three  hours  more.  In  the  Atlantic,  the  hourly  velocity  in  some 
cases  appears  to  be  lo**  latitude,  or  near  700  mile9»  which  h  almont 
equal  to  the  velocity  of  Hound  through  the  air.  From  the  south 
point  of  Ireland  to  the  north  point  of  ScotJandj  the  time  is  eight 
hours,  and  the  velocity  abviut  1 60  miles  an  hour  along  the  shore,  Oo 
the  eastern  coast  of  Britain,  and  in  shallower  water,  the  velocity  is 
less.  Fr<un  Buchanness  to  Sunderland  it  is  aliout  60  milee  an  hour ; 
from  Scarborough  to  C-romer,  3  5  miles ;  from  the  North  Foreland  to 
London,  30  miles;  from  London  to  Richmond  1 3  miles  an  hour  in 
that  part  of  the  river.  ( Whewell,  Phil  Tram.  1833,1836.)  It  is 
acweely  aeceaeary  to  remind  the  reader  thiit  the  abov  e  velocities 
refer  to  the  tranamission  of  the  undidation,  and  are  entirely  dif- 
ferent from  the  velocity  of  the  current  to  which  the  tide  gives 
rise  in  shallow  water, 

231.  Raace  of  the  tld«a. — Tlie  difference  of  level  between 
high  and  low  water  is  affected  by  various  causee,  but  chiefly  by  the 
configuration  of  the  land,  and  is  yery  different  at  different  places. 
In  "leep  inbends  of  the  shore,  open  in  the  direction  of  t\m  IvsLfc^^^cs's 
aud  gradually  coutracting  like  a  fvum^  \iQL<6  tsfirtr««i^<iaiKA  ^  -^ib^^s* 


i 


m 


1 60  ASTRONOMY. 

cauBes  a  veiy  great  increase  of  the  rang^e.  Hence  tlie  very  hig-h 
tides  in  the  Bristol  Channel,  the  Bay  of  iSt.  >Ialo,  ami  the  Bay  of 
Fiindj,  where  the  tide  is  said  to  rise  aometimea  to  the  height  of  one 
liundbre<l  feet.  Promontorieg,  imder  certain  circnmstanceB,  exert  an 
oppoaite  Jnfluence,  and  diminkh  the  magnitude  of  the  tide.  The 
ohaerved  ranpe*  are  also  rery  anomaloua.  At  certain  plarea  on  tli© 
south-east  coaiit  of  Ireland,  the  range  is  not  more  thfm  three  feet, 
while  at  a  little  distance  on  each  side  it  becomes  twelve  or  thirteen 
feet;  and  it  b  rumarkahle  that  these  low  tides  occur  directly 
opposite  the  Briati^l  Channel  where  (at  Chepst^m)  the  difference 
between  hi|2rh  and  low  water  amounts  to  sixty  feet  In  the  middle 
of  the  Pfw^itic  it  amounts  to  only  two  or  three  feet.  At  the  London 
Docks,  the  average  range  is  about  2Z  feet;  nt  Liverpool^  15*5 
feet;  at  Portsmouth,  1 2*5  ;  at  Plymouth,  also  12-5;  at  Bristol,  53 
feet 

2$2,  Tides  affected  l>y  the  aua<»]iliere, — Besides  the  nu- 
morfjus  causes  of  irre^idarity  depending  on  the  local  eirctmistAncefi, 
the  tides  are  also  afFected  by  the  state  of  the  atniosphere.  At  Brest, 
the  height  of  high  water  varies  inversely  as  the  height  of  the 
barometer,  and  ri.-iea  m<>re  than  eight  inches  for  a  fall  of  about  half 
rm  mch  of  the  barometer.  At  Liverpool^  a  fall  of  one-tenth  of  an 
inch  in  the  barometsr  corresponds  to  a  rise  in  the  river  Mersey  of 
about  an  inrh :  and  at  the  London  Docks,  &  fall  of  one -tenth  of  an 
inch  corresponds  to  a  rise  in  tlio  Thames  of  about  seven-teutha  of 
an  inch .  \\'ith  a  low  barometer,  therefore,  the  tide  may  be  expected 
to  be  high^  and  viceverg^.  The  tide  is  also  liable  to  be  disturbed 
by  windii.  Sir  John  Lubbock  states  that,  in  the  violent  hurricaae 
on  the  8th  of  Januan',  1839,  there  was  no  tide  at  Gainsborough, 
which  is  twenty-live  miles  up  the  Trent — a  circumstance  unknown 
before.  At  8altmarsli,  only  five  miles  up  the  Ouse  from  the 
Huniber,.  the  tide  went  on  ebbing,  and  never  flowed  until  the  river 
was  dr>'  in  some  places ;  while  at  Ostend,  towards  which  the  wind 
was  blowing,  contraiy  effects  were  observed.  During  strong  north- 
westerly gales,  the  tide  marks  high  water  eajiier  in  the  Thames 
than  otherwise,  and  does  not  give  so  much  water,  while  the  ebb 
tide  runs  oot  late,  and  marks  lower ;  but  upon  the  gales  abating 
and  weather  moderating,  the  tides  put  in  and  rise  much  higher, 
while  they  also  run  longer  before  high  wate-r  is  majked,  and  with 
more  velocity  of  current :  nor  do  they  run  out  so  long  or  so  low. 

233.  Tbe  trade  wtndB^^ — The  great  atmospheric  currents  tliiis 
denominated,  from  the  advantages  which  Dftvigation  has  derived 
from  them,  as  well  as  other  currents  arising  from  the  same  causes, 
lira  produced  by  the  unequal  exposure  of  the  atmospheric  ocean, 
which  coats  the  terrcstrittl  globe,  to  the  action  of  solar  heatj  the 
expimmou  and  contraction  tha.t  aii)  Vn.  ^ohidiotl  ^\]ti  %ll  ^aaeoua 
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iMxIies,  vaflfeFS  &om  increAse  and  diminutioQ  of  temperature ;  the 
tendency  which  lighter  fluids  have  to  nm  thruugh  heavier ;  aad, 
lastly,  the  rotation  of  the  earth  upon  its  axis. 

The  regions  in  which  the  trades  prevail  are  two  rr^etii  tropical 
belts  extending  through  a  certftio  limited  number  of  degrees  north 
and  s<>uth  of  the  line,  but  not.  prevailing  on  the  line  itj»elf,  the 
Rtmoapheriual  ehftmcter  of  which  h  uu  almost  cauatant  cidni.  The 
pennauent  currents  blow  in  the  northern  tropical  belt  ttom  the 
north-east,  ftnd  in  the  southern  from  the  south-east. 

On  the  other  hand,  in  the  hightar  latitudea  of  both  henitspherea 
the  prevalent  atmospheric  currents  are  directed  from  west  to  euat, 
rtrtl resting,  m  it  were,  the  disturbance  produced  hv  the  tmdeu. 

To  understand  the  caujie  of  these  phejiomena,  it  ia  necessajy  to 
remember  that  the  sun^  never  depftrtin^  more  than  23^°  from  the 
celestial  equator,  is  vertical  daily  to  different  points  around  the 
tropical  r©|,'ionfl,  the  rotation  of  the  eurth  bringinjr  these  points 
Bucccfisively  under  his  disk.  The  &un^  at  nwju,  for  places  situated 
on  the  equator,  is  never  ao  much  as  2  3 1**  from  the  zenith,  while  the 
ejttrerae  zenith  distance  of  the  sun  at  noon,  for  places  within  the 
tropica,  can  never  exceed  47°.  The  intertropical  zone  from  theso 
causes  becomes  much  more  intensely  heated  upon  its  surface, 
than  the  parts  of  either  hemisphere  at  higher  latitudes.  This 
heat,  reflected  and  rftdiated  upon  the  iucumhent  fttmosphere, 
causes  it  to  expand  and  btn-ome  E*pccifically  lighter,  and  it  ascends 
as  smoke  and  heated  air  do  in  a  chimney.  The  space  it  deserts 
is  filled  by  colder  and  therefore  heavier  air,  which  niahea 
in  from  the  higher  parts  of  either  hemiapherc;  while  the  air  thus 
displaced,  raised  by  ita  buoyancy  above  its  due  level,  and  un- 
Bustained  by  any  lateral  prtissure,  flows  down  towards  either  pole, 
and,  being  cooled  in  its  coiirse  and  renderf»d  heavier,  it  descends  to 
the  surface  of  the  globe  at  those  upper  latitudes  from  which  the 
air  had  been  sucked  in  towards  the  line  by  its  previous  accent* 

A  constant  circulation  and  an  interchang^e  of  atmosphere  between 
the  intertropical  and  extrfttropicnl  regions  of  the  earth  would  thus 
take  place,  the  air  ascending  from  the  intertropical  surface  and 
then  flowing  towards  the  extratropical  regions,  where  it  descends  to 
the  aurfwe  to  be  again  sucked  towards  the  line. 

But  in  this  view  of  the  effects,  the  rotation  of  the  earth  on  its 
aiis  is  not  conaidered.  In  that  rotation  the  atmosphere  participates. 
The  air  which  rises  from  the  intertropical  surfaces  carries  with  it 
the  velocity  of  that  surfat'e,  which  is  at  the  rate  of  about  1000 
miles  an  hour  from  west  to  east.  This  velocity  it  retains  to  a 
considerable  extent  after  it  has  passed  to  the  higher  latitudes  and 
deacended  to  the  surface,  which  moving  with  much  less  velocity  from 
i  to  east,  there  ia  oo  effective  cuTi«nLl'^TQ4\Lcst4.\si\iifiX  SifiLw:?^^^^^^ 
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eq^uivalent  to  the  exceaa  of  tke  eastward  motion  of  the  air  over  the 
eastward  motion  of  the  surface  of  tho  earth,  Hence  arbea  the 
prevalent  westward  winds,  eapecialJy  at  wa,  where  caiiaes  of 
local  disturbance  are  not  frequent,  which  are  so  familiar,  and  one 
of  the  eifects  of  which  has  been,  that^  while  the  avemgu  length  of 
the  trip  of  good  sailing'  vessels  frnm  New  York  to  Liverpool  has 
been  only  twenty  day^i,  that  of  the  trip  from  Liverpool  to  New  Y^ork 
haa  been  thirty -iive  day  a. 

By  the  friction  of  the  earth,  and  other  causes,  the  air,  however, 
next  the  surface,  at  length  acquires  a  common  velocity  -with  it,  and 
when  it  is,  as  above  described,  i&acJied  towards  the  line  to  fill  the 
vacuum  produced  by  the  air  drawn  upwards  by  the  solar  heat,  it 
carries  with  it  the  motion  fmra  west  to  east  which  it  had,  in  common 
with  the  surface,  at  the  higher  lutitudetj.  But  the  surface  at  the 
line  hoa  a  much  gnneat-er  velocity  than  this  from  west  to  eiwt  The 
Burfacc,  therefore,  and  all  objects  upon  it,  ajre  carried  against  the 
air  with  the  reiiittve  velocift/  of  the  surfttce  and  the  air,  that  is  to  say, 
with  the  effect  of  the  difference  of  their  velocitieia.  Since  the 
surface,  and  the  objects  upon  it,  are  carrieil  eastward  at  a  niueh  leas 
rate  than  the  air  which  has  juat  defiocnded  from  the  higher  latitudes, 
they  will  strike  against  the  air  with  a  force  pn>portional  to  tho  dif- 
ference of  their  velocities,  and  this  force  will  have  a  direction  con- 
trary to  that  of  the  motion  of  the  surface,  that  is  to  aay,  &oni  east 
to  west 

But  it  must  be  wnsiderod  that  this  eastward  force,  due  to  the 
motion  of  the  earth's  siu^face,  is  combined  with  the  force  with  which 
the  air  moves  fmm  the  extratropic-al  re^aona  towards  the  line. 
Thus,  in  the  northern  hemii^phere,  the  force  efLntward  U  combined 
with  the  motion  of  the  air  from  north  to  south,  and  the  renultaat 
of  these  forces  is  that  north-east  current  which  actually  prcvuila  ; 
while,  for  like  reasons,  south  of  the  line,  the  motion  of  tlie  air  from 
south  to  north,  beinjj:  combined  with  the  force  eastwar^l,  produces 
the  south-eastern  current  which  prevails  siiuth  of  the  line. 

Were  any  considerable  masa  of  air,  aa  Sir  J.  Ilerai^hel  observes, 
to  be  sudtienhj  transferred  from  bey<nid  the  tropics  to  the  equator, 
the  difference  of  the  rotatory  velocities  proper  tri  the  two  situations 
would  be  so  great,  as  to  produce,  not  merely  a  wind,  but  a  tempeKt 
of  the  most  destructive  violence ;  and  the  flame  i^beentation  would 
be  equally  applicable  to  masses  of  air  transported  in  the  contrary 
direction.  But  this  is  not  the  case;  the  advance  of  the  air  is  gradual, 
and  all  the  while  the  earth  la  continually  acting  on  the  air,  and  by 
the  friction  of  it«  surface  accelerating  or  retarding  its  velocity. 
Supposing  its  progress  to  cease  at  any  point,  this  cause  would  almost 
immediately  communicate  to  it  the  deficient,  or  deprive  it  of  the 
motion  of  rotation,  after  which  it  would  revolve  quietly 


THE  SUN. 


J6j 


with  the  earth  and  be  at  relative  rest  We  have  only  to  call  to 
laind  tbfi  comparative  thinneM  of  the  coatiDg  of  air  with  which  the 
globe  IB  invested  (62)  and  itfl  iramense  masa^  exceeding,  as  it  doea 
the  weight  of  the  atmosphere  at  lenat  100^000,000  times,  to  appre- 
ciate the  ab&oliitc  command  of  any  extent  of  temtory  of  the  earth 
over  the  atmosphere  immediately  incumhent  upon  it 

It  appears,  therefore,  that  these  currents,  as  they  approach  the 
equator  on  the  one  aide  and  the  other,  Biuat  gjadually  loae  their 
force ;  their  exciting  cause  hein^  the  difference  of  the  magnitude  of 
the  parallel  of  latitude  ;  and  this  difference  being  evanescent  near 
the  line,  and  very  inconsiderable  within  many  degrees  of  it,  the 
equalising  force  of  the  earth  above  described  is  allowed  to  take  full 
effect :  but,  besides  this,  the  currents  directed  from  the  two  poles 
encounter  each  other  at  the  line,  and  destroy  each  other's  force. 
Hence  ariaea  the  prevalence  of  those  c^ilms  which  characterise  the 
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Z34«  Api»n,r«iit  and  reaJ  xuAflmltiido. — Owing  to  the  ellipti* 
city  of  the  earth's  orbit,  the  distance  of  the  sun  is  aubj er t  to  a  peri- 
fHlical  variation,  which  causes,  as  has  been  already  explained,  a 
rurreaponding  variation  in  iU  apparent  magnitude.  Its  greatest 
apparent  diameter,  when  in  perihelion,  is  33'  36""4,  or  1956"'4, 
ttud  its  legist  apparent  nkagnilude,  when  in  aphelion,  is  31'  32";  or 
1892".     It«  m^aii  apparent  diameter  is  therefore  i924"-2. 

The  real  magnitude  of  the  sun  may  be  easily  inferred  in  rouud 
numbers  from  that  of  the  moon.  The  apparent  diameter  of  the 
moon  beiug  equal  in  round  numbers  to  that  of  the  sun,  and  the 
difttance  of  the  sun  being  584  times  greater  than  that  of  the  moon^ 
it  follows  tbat  the  real  diameter  of  the  sun  must  be  384  times 
greater  than  that  of  the  moon.  It  must,  therefore,  be  on  this 
totipposition  831,000  miles.  By  methods  of  calculation  siia- 
ceptible  of  closer  approximation  than  this,  it  has  been  found  that 
the  magnitude  ia  852,900  miles,  or  107I  times  the  diameter  of 
the  earth.       •► 

The  linear  value  of  1 ''  at  the  distance  of  the  sun,  is  443  milea, 

235.  Moffnitade  oftbe  aun  Illustrated.  —  Magnitudes  such  as 
that  of  the  eun  bo  far  transcend  all  standards  with  which  the  mind 
is.  familiar,  that  some  stretch  of  imagination,  and  some  effort  of 
the  underRtanding,  are  necessary  to  form  a  conception,  however 
imperfect,  of  them.  The  expedient  which  beat  serves  to  obtain 
Aome   adequate  idea  of  them  \»^  to  comTjiKra  \kvi\si  VvCin.  %f>ns^% 
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8taii<]ard,  etupeodouB  bj  compnmoo  with  all  ordiuArr  magniti 
yet  minute  when  compared  with  them. 

The  earth  it»eK  is  a  globe  Dearly  8000  miles  in  dlatneter.  If  tha 
son  be  represeDted  by  ft  globe  nine  feet  four  inchefl in  diameter,  tha 
earth  would  be  repreaented  by  a  globe  an  inch  in  diameter.  If  the 
orbit  of  the  mooo^  which  measures  478,000  milea  in  diameter, 
were  tilled  by  a  sun,  aueb  a  »\m  miju^ht  be  placed  within  the  actual 
Sim,  lettving  between  their  surfac-ea  a  dit^tauee  of  nearly  200,000 
miles.  Such  a  sun,  aeeu  from  the  earth,  wouM  have  an  apparent 
diameter  little  more  than  half  the  diameter  of  the  actual  sun, 

236.  BarftMie  and  voloxae. — Since  the  ^urfajcea  of  globes  are 
as  tho  squarei),  and  their  volumes  as  the  cubea,  of  their  diamettira, 
it  foUowa  that  the  Hurface  of  the  sun  nmat  bf^  11,6x0  times^  and 
its  volume  1,252,000  times,  greater  than  those  of  the  earth. 

Thus,  to  form  a  globe  like  the  sua  it  would  be  neceaaary  to 
roll  nearly  thirteen  hundred  thousand  globes  like  the  earth  into 
one. 

It  ifl  found,  by  ponsideriog  tbe  bulks  of  the  different  planets, 
that  if  all  the  planets  and  satellites  in  the  solar  system  wen» 
moulded  inki  a  single  globe,  that  globe  would  sdll  not  exceed  the 
five-hundredth  part  of  the  glohiS  of  the  sun  ;  in  other  worda,  the 
hulk  of  the  sun  is  five  hundred  times  greater  than  the  aggregate 
bulk  of  all  the  j^st  of  the  bodien  of  the  system. 

257.  Its  mM»»  aad  denaitr- — Bj  methods  of  calculation 
and  observation^  which  will  be  explained  hereafter,  the  ratio  of 
the  mass  of  matter  composing  the  globe  of  the  sun,  to  the  mass 
of  matter  composing  the  earth,  has  been  oaeertained  to  be  3 1 5,000 
t^  1. 

By  comparing  this  proportion  of  the  quantities  of  ponderable 
raatti?r  in  the  sun  and  earth  with  their  relative  volumes,  it  will 
be  evident  that  the  mem  density  of  the  matter  composing  the 
aun  must  be  about  four  times  leas  thao  the  mean  density  of  the 
UQUitter  composing  the  earth ;  for  although  the  volume  of  the 
11m  exceeds  that  of  the  earth  in  the  ratio  of  1,252,000  to  I,  its 
weight  or  mass  exceeds  that  of  the  earth  in  tlie  lesser  ratio  of 
315,000  to  If  the  latter  ratio  being  four  times  less  than  the 
former.  Bulk  for  bulkj  therefore,  the  sua  is  four  tHuuba  lighter 
than  the  earth, 

fcJince  the  mean  density  of  the  earth  from  Mr.  Baily's  determina- 
tion is  5  67  times  that  of  water  (80),  it  follows  that  the  meaa 
density  of  the  sun  is  14*  times,  or  about  one  half,  greater  thjiD 
that  of  water.  This  value  would  be  increased  to  r64  using  the 
mean  density  of  the  earth  6 '57,  as  obtained  from  the  liar  ton  pen- 
dulum experiments  (8t), 

From  ibe  comparative  lightness  of  the  matter  composing  it^ 
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Herseltel  infers  the  probftbiiity  thAt  an  intense  lie&t  preyails  in 
it*  interior,  by  which  ita  elA«ticity  la  reinforced^  and  rendered 
capable  of  rosiating'  tlie  almost  inconceivable  presaure  duo  to 
it»  intrinsic  gravitation,  witbont  collapsing  into  anaaller  dimen- 
Bions, 

338.  Feraa,  and  rotation  ^ —  axla  of  rotation.  —  Althoug;b  to 
minda  unftccustomed  to  the  rigour  of  scientific  rest^arch,  it  might 
appear  euflicientlj  eiick'nt,  without  further  demonatmtioni  thnt 
the  ean  ia  globular  in  its  form,  yet  the  more  exact  methods  pur* 
sued  in  the  investigation  of  physicu  demand  that  we  should  find 
more  conclusive  proof  of  the  sphericity  of  the  solar  orb  than  the 
mem  fact  that  the  disk  of  the  sun  is  always  circular.  It  is  barely 
pofiflible,  however^  improbithle,  that  a  flat  cirralar  disk  of  matter, 
the  face  of  which  should  tdwBva  be  presented  to  the  earth,  niij^ht 
be  the  form  of  the  aim;  and  indeed  there  are  a  great  variety 
of  other  fonna  which,  by  a  particular  ammgement  of  their  mo- 
tiona,  might  present  to  the  eye  a  circular  appearance  as  well  m 
ft  globe  or  sphere.  To  prove,  then,  that  a  body  ia  globular^  some- 
thing more  is  necessary  than  the  mere  fact  that  it  alwaja  appears 
circular. 

When  a  telescope  ia  directed  to  the  aun,  we  discover  upon  it 
certain  miirka  or  apota,  of  which  we  shall  speak  more  fully  pre* 
aently,  We  observe  that  these  mark  a,  while  they  preserve  the 
same  relative  pt:>8itinn  Tunth  respect  to  each  other,  move  regularly 
from  one  side  of  the  aun  to  the  other.  They  disappear,  and  con- 
tinue to  be  invisible  for  a  certain  time*  come  into  view  again  on 
the  other  aide,  and  &o  once  more  paaa  over  the  eim'a  disk.  This  ia 
an  effect  wliieh  would  evidently  b©  prcjdiiced  by  marks  on  the 
aurface  of  a  globe,  the  globe  itself  levnlving  on  an  axis,  and 
carrymg  these  marks  upon  it  That  this  ia  the  caae,  is  abun- 
dantly proved  by  the  fact  that  the  perioda  of  potation  for  all  these 
marks  are  found  to  be  exactly  the  same,  viz,  about  twenty-iive 
days  and  a  quarter,  or  more  exactly  25^  •/*"  ^g™.  Such  is,  then, 
the  time  of  rotation  of  the  sun  upon  it^  axis,  and  that  it  ia  a 
globe  remains  no  longer  doubtful,  since  a  globe  ia  the  only  body 
which,  while  it  revolves  with  a  motion  of  rota,tion,  would  always 
present  the  circular  appearance  to  the  eye.  The  axis  on  which 
the  Bun  revolves  is  y&ry  nearly  perpendicular  to  the  plane  of  the 
earth's  orbit,  and  the  motion  of  rotation  is  in  the  same  direction  an 
the  motion  of  the  planets  round  the  sun,  that  is  to  say,  from  west 
to  east. 

2  59«  Spots.  —  One  of  the  earliest  firuita  of  the  invention  of  the 
tele^rope  waa  the  discovery  of  the  apota  upon  the  aun ;  and  th© 
exaiuination  of  these  has  gratlually  led  to  some  knowledge  of  th© 
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phjstCAl  cODatitution  of  the  centre  of  attractidn  and  the  common 
fountain  of  light  aad  heat  of  our  system. 

When  we  submit  r  solar  spot  to  t^^lescopic  examintttion,  wo 
diflcoTer  its  appearance  to  b«  that  of  an  intensely  black  irregTilarly 
shaped  patoh,  geneTftlly  edgfed  with  a  pcnimibral  fringe.  When 
watched  for  a  considefable  time,  it  is  found  to  under:^o  a  graduid 
change  in  its  form  and  nragnitude ;  at  first  increasing  griidually  in 
size,  until  it  attaii]  eome  definite  limit  of  magnitude,  when  It  cetiaies 
to  increase,  and  soon  begins,  on  the  contrary,  t-o  diuiiniBb  ;  and  it« 
diminution  go«s  on  gradually,  until  at  length,  the  bright  sides 
closing"  in  upon  the  dark  patch,  it  dwbdles  fjpst  to  a  mere  point, 
and  finfdly  disappcaret  altogether.  The  period  which  elapaes  be- 
tween tlie  formation  of  the  spot,  its  gradual  enlargement,  subae- 
queut  diminution,  and  final  diaappijorance,  ii  Terr  various.  Some 
Bpotd  appear  and  disappear  very  rapidlyj,  while  others  have  laated 
for  weeka  and  even  for  montba. 

The  magnitude  of  the  spote,  and  the  velocities  with  which  the 
matter  composing  their  edges  and  fringes  moves,  as  they  increae© 
and  decrease,  are  ou  a  scale  proportionate  to  the  dimcinsions  of  the 
orb  of  the  J^un  itself  Wlien  it  ia  t^onsiderod  that  a  apace  upon  the 
mrn'a  diskt  the  apparent  breadth  of  which  is  only  a  minute,  actuAlly 
measures  26,580  miles,  and  that  spota  have  been  frequently  ob- 
terved,  the  appArf»nt  length  and  breadth  of  which  have  exceeded 
z%  the  stupendous  magnitude  of  the  regioua  they  occupy  may  be 
caaily  conceived. 

The  velocity  with  which  the  luminous  matter  at  the  edges  oi 
the  spots  occaAiooally  movea,  during  the  gradual  increftse  or  dimi- 
nution of  the  spot,  has  been  in  some  eases  found  to  be  enormouR. 
A  spotf  the  apparent  breadth  of  which  was  90",  was  observed  by 
Mayer  to  close  in  about  40  days.  Now,  the  actual  linear  dimen- 
sions of  such  a  spot  must  have  been  39,870  miles,  and  conse- 
quently, the  average  daily  motion  of  the  matter  composing  its 
edges  muat  have  been  1 000  milea,  a  velocity  equivalent  to  nearly 
42  mites  an  hour. 

240.  Cause  of  the  ftpota — ^pbf^i^al  state  of  Uie  900 's  mm^ 
f^e.  —  Two,  and  only  two,^  suppositions  have  been  proposed  to 
explain  the  spots.  One  supposes  them  to  be  scoriaBj  or  dark  fH::a]e8 
of  incombustible  matterj,  floating  on  the  general  surface  of  the 
sun.  The  other  euppoeea  them  to  be  excavations  in  the  limiinoua 
matter  which  coats  the  sun,  the  dark  part  of  the  spot  being  a 
part  of  the  solid  non-luminous  nucleus  of  the  eun.  In  this  latter 
bypotheais  it  is  assumed  that  the  sun  ia  a  solid  non-luminoiis 
globe,  covered  with  a  coating  of  a  certain  thickness  of  luminous 
matter. 
'Th&t  the  spots  are  exc&vBb'dQnj&,  vnd  ucvt  m«Te  blAck  patcbes  os^ 
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tbe  surface,  h  proTed  by  tBo  following  observations :  If  vre  select 
a  spot  which  is  at  th»  centre  of  the  sun's  disk,  having  some  defi- 
nite form,  fluch  m  that  of  a  circle,  and  watch  its  changes  of  ap- 
pear&nee,  when,  by  the  rotation  of  the  biih,  it  ia  carried  toward 
tiio  ^gBf  we  find,  firat,  that  the  riTcie  hecoDies  an  OTaL  This, 
however,  i**  what  would  be  expected,  even  if  the  spot  were  a 
circular  patch,  inaflniuch  as  a  circle  8een  obliquely  ia  foreshortened 
into  nn  oval.  But  we  find  that  as  the  spot  morea  toward  the 
Bide  of  the  eun's  limb,  the  black  patch  gradually  disappeat^,  tho 
penunibral  fringe  on  the  inside  of  the  spot  becomes  invisible,  while 
the  punui^ibnil  fringe  on  the  outside  of  the  apot  increasea  in  appu- 
rent  breadth,  ao  that  when  the  spot  approaches  the  edge  of  the 
Bun,  the  only  part  that  ia  visible  ia  the  external  penumbrAl  fringe. 
Now,  this  19  exactly  what  would  occur  if  the  spot  were  an  exca- 
Tfltinn.  The  penumbral  fringe  is  produced  by  the  ahelviijg  of  the 
sides  of  the  oxcavation,  sloping  down  to  its  dark  bottom.  As  the 
spot  ia  carried  toward  the  edgre  of  the  sun,  the  heig-ht  of  the  inner 
side  ia  interposed  between  the  eye  and  tho  bottom  of  the  excava- 
tion, flo  as  to  conceal  the  latter  from  view.  The  surface  of  the 
inner  ahtdving  aide  al&o  taking  the  direction  of  the  line  of  vision 
or  very  nearly,  diminishes  in  apparent  brendth,  and  ceaaes  to  be 
visible,  while  the  surface  of  the  shelving  aide  next  the  edge  of  the 
aim  becoming  nearly  perpendicular  to  the  line  of  vision,  appears  of 
its  full  breadth. 

In  short,  all  the  variations  of  appearance  which  the  spots  unde^gfo, 
AS  they  are  earned  round  by  the  rotation  of  the  sun,  changing-  their 
diatances  and  positions  with  regard  to  the  sun's  centre,  are  exactly 
ftuch  m  woidd  be  prodnred  by  an  excavation,  and  not  at  all  such 
as  a  dark  patch  on  the  solar  surface  would  undergo. 

241.  Son  iBTeatdd  br  two  Atmoapberes,  one  losilEioiia  and 
tli«  otber  non-IUQilBont*  —  It  may  be  considered  then  ns  proved, 
that  the  spots  on  the  stin  are  excavations ;  and  that  the  apparent 
blacknesB  is  produced  by  the  fact  that  the  part  constituting  iJtm  dark 
portino  of  the  spot  ia  either  a  surface  totally  destitute  of  light,  or  by 
comparison  so  much  less  luminous  than  the  geneml  surface  of  the 
iun  as  to  appear  black.  This  fact,  combined  with  the  appearance 
of  the  penumbral  edges  of  the  spots,  baa  led  to  the  supposition, 
Advanced  by  Sir  W,  Ilerschel,  which  appears  scArcely  to  admit  of 
doubt,  that  the  solid  opaque  nucleus,  or  globe  of  the  aim,  is 
invested  with  at  least  two  atmospheres,  that  which  ia  next  the  sun 
being,  like  our  own,  non-iuminoufl,  and  the  superior  one  being  that 
alone  in  which  light  and  heat  are  evolved ;  at  all  events,  whether 
tbeae  strata  be  in  the  gaseous  state  or  not,  the  existence  of  two  snch, 
one  placed  above  the  other,  the  superior  one  being  luminoua,  saems 
to  be  exempt  from  doubt. 
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242,  S^ou  mmr  Bot  b0  bl«ek* — Wtf  are  not  warranted  tn 
«89umiDg  that  the  bliM.'ik  portion  of  the  spouts  lure  surfactss  really 
deprived  of  light,  for  the  most  intense  artificial  lighta  which  can  b© 
produced,  such,  for  exriraple,  as  that  of  a  piece  of  quicklime  exposed 
to  the  action  of  th«  compound  blow-pipe,  -when  seen  projected  on 
the  flUfj'fl  dink,  oppear  as  dm k  as  the  apota  themselver) ;  an  effect 
which  must  he  nscribed  tcv  the  infinitely  superior  splendour  of  the 
Bim's  light.  All  that  ciui  be  legitinialely  inferred  respecting  the 
spots,  then,  is,  not  that  they  are  destitute  of  light,  but  that  they 
are  incomparably  less  brilliant  than  ihe  general  surface  of  the  sun. 

245.  Bpota  ▼art»bl«.  — The  prevalence  of  spots  00  the  sun^s 
disk  is  both  variable  and  irregular.  Sometimes  the  disk  will 
be  completely  divestt?d  of  them,  and  will  continue  so  fur  weeks  or 
months;  sometimes  they  will  be  spi«ad  over  certain  parts  of  it 
in  profusion.  Sometimes  the  spots  will  be  Bmall,  but  numerous  j 
sometimes  indiyidual  spots  will  appear  cif  vast  extent;  snmetimea 
they  will  be  miuiifesLed  in  groups,  the  penumbns  or  fringes  being 
in  cnntac-1 

The  duration  of  each  spot  is  also  subject  to  great  and  irregular 
variation^  A  spot  has  appeared  and  vanished  in  leas  than  twenty- 
four  hourSj  while  some  have  maintained  their  appearance  and 
position  for  nine  or  ten  weeks,  or  during  neai-ly  three  complete  re- 
volutions of  the  sun  upon  its  axis, 

A  large  spot  haa  sometimes  been  observed  suddenly  to  crumble 
into  A  great  number  of  small  ones. 

244.  Yrevftll  ren«r«ll7  lo  two  paraUel  sooes.  —  Tlie  only 
circumstaace  of  regularity  which  can  be  said  to  attend  these  re- 
markable phenomena  is  their  position  upon  the  sun.  They  are 
invariably  confined  to  two  moderately  broad  zones  parallel  to  the 
solar  equator,  separated  from  it  by  a  f«pace  se  vcthI  degrees  in  breadth. 
The  equator  itself  and  this  space  which  thus  separates  the  macular 
Eones,  are  absolutely  divested  of  such  phenomena. 

Thus,  for  example,  in  the  latter  part  of  1 836  and  the  beginning 
of  1857,  when  a  large  number  of  spots  became  apparent,  their 
poflitioii  was  such  as  is  represented  in  ^.  53,  where  e  q  represents 
the  aan*8  equator,  and  m  m',  n  n*,  the  northern,  and  p  p%  q  q'  the 
Boutbem  marular  zones. 

245.  ObKerr&ttaDS  aad  drawlnei  of  BE.  CapcMscl.  —  Amongat 
the  numerous  astronomera  who  have  devoted  much  time  and 
attention  to  this  subject,  and  who  have  made  most  important 
contributions  by  their  obaervutiona  and  researches,  we  may  mention 
M.  Capocci,  of  Naples,  Dr.  Pastorff,  of  Frankfort  fon  the  Oder),  Sir 
John  Herachel,  JL  Schwabe,  of  Dessau,  and  Mr.  Carrington. 

'Si.  Cnpocci  ma<lo  a  series  of  observations  on  the  spots  which  were 
^evelaped  on  the  sun's  disk  in  1826,  when  he  recognised  most  of 
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th*?  cliftmctera  nbove  described.      Jle  observed  tb«t,  during  tha 
ijicrease  of  tho  ppot  from  ita  lirst  appouranne  ns  a  dnik  point,  the 


Fig.  SI. 

edgus  "were  phftrply  defined,  without  finy  indication  of  ihe  pradually 
fftdinp  flwfty  of  the  fringes  iijiUi  tlie  dark  centrfll  spaty  or  into  each 
other;  ft  cbanwter  which  was  again  obaerve^d  by  ^iv  J.  Ilt^rschel^ 
in  1837.  He?  found,  howeTer,  tbat  the  Mnie  cbarncter  wiis  not 
maintained  when  the  ^ides  twjran  to  eontmct  and  the  »jw5t«  to 
diminish  -.  during'  that  proceaa  the  edlges  were  less  stronply  defined, 
being  ftpparently  covered  by  a  BOrt  of  limiinoua  fttmosphene,  which 
often  extended  so  completely  across  the  dark  nucleus  m  tt>  throw  n 
tliin  thread  of  light  acroes  it,  after  which  thu  spot  soon  filled  up 
and  disappeared.  Capocci  concurs  with  8ir  W.  Herschel  in 
rcpaniing"  the  internal  friageg  surrounding  the  dark  nuclt^ua  a3  the 
section  of  the  iDferior  Btratiuu  of  the  atniosrphero  which  forma  the 
coiiting  of  the  sim  ;  he  neverthpb^ss  thinks  that  there  are  indication 0 
of  Hoiid  AS  well  as  gaaeoua  luiminous  matter. 

Capocci  filso  observed  veins  of  more  intensely  liiminouB  matter 
on  the  fringea  i^onverging  towarda  the  niiclens  of  the  e]xit,  which 
he  compares  to  the  atnicture  of  the  iria  Burrounding  the  pupil  of  iho 
eye. 
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The  drawings  of  the  Bpata  observed  by  M>  Cnpocf^i,  giren  in 
Plat©  XIV,,  wiH  illufltmte  these  obaervations.  It  is  to  be  regretted, 
IhowiJTer,  that  ho  haa  not  given  any  measures,  either  in  his  memoirs 
or  upon  hiA  drawings^  hj  which  tixe  position  or  nmgititude  of  the 
Bpots  can  be  detennined, 

2^6.  Obserratloni;  and  drawliiirfl  of  3>r.  VasttorH^  la  1«26. 
— ^  Jjr.  Pastorll'  cuinmeaced  hia  course  of  solai  observations  fu?  earlv 
aa  1 819.  He  observed  the  Bpot«  ivhich  appeared  in  1826,  of 
which  he  published  a  series  of  dramnga,  tnmi  which  wo  hnve 
selected  thoee  given  in  Plate  XV.  from  observations  made  in  Sep- 
tember and  October,  contempoTaneoudy  with  Oiose  of  M,  Capocci. 
Pastoiff  gavea  the  position  of  all,  and  the  dimeusiona  of  the 
principal  spots.  The  numbera  on  the  horizontal  iind  vertical  lines 
fexpresa  the  apparent  diatancea  of  the  spots  sevemlly  fnjitii  the  limb 
of  the  aim  in  each  direction.  The  actual  diiiieDsions  may  bo 
estimated  by  observing  that  i'^  measurol  at  right  angles  to  the 
visual  my  represeots  ^^,4.3  miles. 

247.  Obaer^fttlonii  «nd  drawtoca  of  Paatorff  la  isaa* — In 
May  and  June,  1828^  a  profu^iion  of  spt>td  were  developed^  which 
were  obserred  and  delineated  by  Pastorff  with  the  most  elaborate 
accuracy. 

la  Plate  XVI.,,/?*?.  1  represents  the  positions  of  the  ppotsaa  thej 
appeared  on  the  disk  of  the  sun  on  the  24lh  of  May,  at  10  l.M.^ 
imdjijft.  If  J,  4,  and  5,  repreaent  their  forma  and  niagnitudea.  The 
letters  a,  b,  c,  i>,  inySgr-  I » give  the  positions  of  the  epotis  mcu'k^  by 
the  same  letters  ioj^*.  2,  3,  4,  and  5. 

The  diuiensiona  of  the  principal  spot  of  ih^  group  A  were 
stupendous ;  measured  in  a  plane  at  right  angles  to  the  visual  line, 
the  length  was  44,300  miles,  and  the  breadth  26,580. 

Tlie  apparent  breadth  of  the  black  bottom  *r>f  thf  spot  waa  40", 
which  corresponds  t^  an  actual  breadth  of  i  7,720  miles.  80  that 
the  glol>e  of  the  earth  might  paafi  through  such  a  hole,  leaving  a 
distance  of  nearly  5000  miles  between  its  surface  and  the  edges 
of  the  chaam. 

The  superficial  dimensions  of  the  several  groups  of  spots  observed 
on  the  sun  on  the  24th  nf  Mny,  at  10  a.  M.,  including  the  sheh 
sides,  were  cnJc-ulated  to  be  a«  foUowa :  — 


(3rou|i»  A^  prinripal  ipot 
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Thus  it  appears  that  the  principal  spot  of  the  group  a  covered  a 
•pace  equal  to  little  Ikss  than  five  times  the  entire  surface  of  the  earthj 
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knd  the  total  Area  octtipied  by  all  the  spots  ooUecttTelj  amotmted 
to  more  than  twelve  tiroes  that  surfjice. 

On  the  days  sueceeiling  the  24th  of  May,  all  the  spots  were 
ohserved  to  change  their  form  and  magnitude  from  day  to  day. 
The  great  spot  nf  the  group  A,  which  even  when  no  close  to  the 
limb  of  the  sun  n&  5',  or  a  sixth  nf  the  apparent  diameter,  still 
meMured  80"  by  40",  was  especially  rapid  in  its  v&riatioD.  Ita 
ehfllvinp  sidea,  as  weU  aa  its  dark  bottom,  were  constantly  varied^ 
and  luminous  clouds  were  seen  floating'  over  the  latter. 

After  the  disappeanmca  of  this  laige  spot,  And  severfd  of  the 
leaser  ones  of  the  other  groups,  a  new  spot  of  considerable  mag- 
nitude made  its  appearance  on  the  1 3th  of  June,  at  the  eastern 
edge  of  the  disk,  which  gradually  increased  in  magnitude  for 
eight  days.  Od  the  2l8tof  June,  at  half-past  9  in  the  morning, 
the  disk  of  the  sun  exhibited  the  spots  whose  position  is  represented 
in^.  6,  Plate  XVI.,  and  whose  forms  and  magmtudes  are  indicated 
in^<,  7,  8,  9,  and  10. 

The  chief  apot  of  the  group  a  was  nearly  circular,  and  measured 
64'''  in  apparent  diameter,  the  diameter  of  its  dark  base  buing 
about  30",  which,  without  allowing  for  projection,  reprpSRut 
actual  lengths  of  28,3  5;2  milea^and  13,290  niilea,  the  former  being 
above  3^  times,  and  the  latter  ni?arly  i }  timi*a  the  earth's  diameter. 
The  process  of  formation  of  this  spot,  aurmunded  by  Juraiuous 
clouds,  was  clearly  seen.  The  shflving  aides  were  trnversed  by 
luminous  ravines  or  rillsj  converging  towards  the  centre  of  the 
black  nucleuH,  and  exhibiting  the  appearance  which  Capocci 
compared  to  the  structure  of  the  iria. 

On  tho  same  day  {list),  another  large  spot,  B,^.  8,  appeared, 
which  mpiu^ured  60"  by  40'', 

Pastorlf  rejects  the  supposition  that  these  spots  were  the  mere 
reappearances  of  those  which  had  been  observed  on  the  24th  of 
May,  since  they  differed  essentially  id.  their  form,  and  atiD  more  in 
their  aitourage. 

248.  ObMrvatloDS  of  Sir  J".  B«N«liel  in  1837. — Sir  J, 
Herschel,  at  tbL'  Cape  uf  Good  llopej  Ln  1857,  obfeened  the  spots 
which  at  that  time  appGared  upon  tho  sun,  and  has  given  various 
drawings  of  tliem  in  his  Cape  Obaen'atioQS.  These  diagrams  do 
not  differ  in  any  respect  in  their  general  character  from  those  of 
Capocci  and  Past^rff,  Sir  J.  Herschel  recognised  on  this  occasion 
the  etrifttied  or  radiated  appearance  in  the  fringes  already  noticed  by 
Capocci  and  PastorfF.  lie  thinks  that  this  structure  is  intimately 
c<uinected  with  the  physical  agency  by  which  the  spota  are 
produced. 

249.  B«iiiia9J7  of  fMoffes  dlatloetly  defloed.  —  It  is  ob- 
served  by  Sir  J.  Ilerschcl   that  one  of  the  most  universal  im4 
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strikini?  cliaractera  of  the  Bolar  spote  ie^  that  the  peminibrnj  firlnge 
and  black  spots  are  distinctly  defined,  and  do  unt  melt  graduaJJj 
one  into  the  other.  The  ftpota  at©  intensely  black,  and  the  penum- 
bral  fringe  of  ft  perfectly  Mnifurai  degree  of  shade.  In  some  cases 
there  are  two  ouancea  of  frini^e,  one  lijfhter  than  the  other;  but  in 
th»t  Cftfle  no  inteiTKixture  or  gradual  fading  away  of  one  into  the 
other  IB  apparont,  "  The  idea  conveyed/'  obeerve*  Sir  J.  Herechel, 
**  i»  more  that  of  the  eucce^aive  withdrawal  of  \'eib,^tbe  partial 
removal  of  definite  films,  —  than  the  melting  away  of  a  iniat  or  the 
mutual  dilution  of  gaseous  media/'  This  absence  of  all  gradation, 
thie  ftharply  marked  and dennesa  of  transition,  ia,  aa  Sir.  J.  ITerschel 
also  notices  J,  entirely  opposed  to  the  idea  of  the  eaay  mlBcibility  of 
the  luininnua,  non-1  nminouaj  ejid  eemi-Iummous  coastituents  of  the 
aolar  envtdope. 

250.  01>ft«rT&tlons  of  9C.  fichw&ba- — In  i8z6M.  SehwAbe 
first  entered  on  these  reaearchefl,  winch  have  been  continued  to  tb© 
present  time.  For  nioro  than  thirty  years  the  min  scarcidy  appeared 
above  the  horizon,  without  being  confronted  by  M.  Schwabe's  tele- 
scope, and  it  is  found  from  his  re.^ulta  that  on  an  average,  obserra- 
tions  of  the  apots  were  made  on  300  separate  days  in  a  year,  A 
scrutiny  of  the  aun'a  disk  made  bo  continuoualy  was  mire  to  produce 
some  valmihle  addition  to  this  branch  of  astronomical  investigation. 
It  hiia  been  already  mentioned  that  the  number  of  spots  viatble  at 
one  time  is  very  variable,  the  surface  of  the  sun  being  aomedmea 
entirely  free  and  at  other  times  tbe  reverse  u  shown.  Now  it 
appears  from  M.  Schwabe's  obaervations  that  this  variation  in  the 
frequency  of  solar  epotfi,  is  not  accidentid,  but  that  they  paas  through 
the  phases  of  maximum  and  minimum  in  a  period  of  about 
tpn  years.  This  periodicity  haa  since  been  conMrmed  by  other 
observers. 

It  haa  been  long  known  that  the  intensity  of  the  magnetic  dedl- 
nation  is  subject  to  a  daily  variation,  which  is  supposed  to  be  con- 
nected in  some  way  with  the  sun;  but  it  has  also  been  determined 
that  this  daily  variation  is  liable  to  another  variation  whose  period 
from  minimum  to  maximum  and  from  maximum  to  minimum  is 
also  about  ten  years.  It  is  a  subject,  therefore,  of  co^nsiderable 
interest  to  discover  whether  any  connection  Piiats  between  these 
two  phenomena.  Possibly  the  researches  of  Mr,  Carrington,  who 
has  devoted  since  iSj'}  much  attention  to  this  branch  of  scienoe, 
will  throw  considerable  light  on  the  matter. 

251.  Bolu'  lkciil«»  «iid  lacalea.— Independently  of  the  dark 
Bpils  juflt  described,  tbe  htminaus  part  of  the  solar  disk  is  not 
unifomdy  bright.  It  presents  a  mottled  appearance,  which  may  b« 
compared  to  that  which  would  be  presented  by  the  undulated  ajid 
fi^iteted  surface  of  an  ocean  of  lic^uid  firej  or  to  a  stratum  of  lu* 
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mmouB  cloudfi  of  '?ar3riiig-  depth  and  bavii]^  an  unequal  suiface,  or 
the  appearance  produced  by  tlio  aluw  subsidence  of  aome  flocculent 
cbeniical  precipitates  in  a  transparent  fiaid,  wlieii  looked  at  per- 
pendicularly from  above.  Id  the  space  immediately  around  the 
edges  of  the  spots  extensive  spaces  are  oluierTed,  alao  covered  with 
Btrongly  defined  curved  or  branching  atreake,  more  intensely  lumi- 
nous than  the  other  parta  of  the  diiik,  among  which  apota  often  break 
out.  These  several  varietioa  in  the  intensity  of  the  brifa^htnesa  of 
the  disk  have  been  dsfferently  designated  by  the  t&rms  faaiim  and 
luctdes.  Thi^so  appearancea  are  generally  more  prevalent  and 
strongly  marked  near  the  edges  of  the  disk, 

Z52.  Zuoandeicent  oostlnB'  of  tlie  aim  gsaeima* — Varioua 
attempts  have  been  made  to  ascertain  by  the  direct  teat  of  obaerva- 
tion,  independently  of  conjecture  or  hypothesis,  the  physical 
state  of  the  luminoua  mattf^r  which  coats  the  globe  of  the  sun, 
whether  it  be  solid,  liquid,  or  gaseous. 

That  it  is  not  solid  is  admitted  to  be  proved  conclusively  by  ita 
extraordinary  mobility,  as  indicated  by  the  rapid  motion  of  the 
€'dge8  of  the  spots  in  closing;  and  it  ia  contended  that  a  fluid  capable 
of  moving  at  tho  rate  of  42  milea  per  hour  cannot  b«  supposed  to  be 
liquid,  an  elastic  fluid  alone  admitting  of  such  a  motion. 

253.  Tflit  «r  tUla  pmpofted  hw  Aratro.  —  Arago  has,  however, 
8ugg^ted  a  phvaical  test,  by  which  it  appears  to  be  proved  thitt  this 
luminous  matter  must  bo  gaseous  ;  in  shorty  that  the  sun  must  be 
invested  with  an  ocean  of  flame,  since  flame  is  nothing  more  than 
aeriform  fluid  in  a  state  of  incandescence  (H,  597).  This  teat  pro- 
posed ia  baaed  upon  the  properties  of  polarised  light. 

It  has  been  proved  that  the  Light  emittwd  from  an  incandescent 
body  iu  the  liquid  or  solid  state,  issuing  in  direetiona  very  oblique 
to  the  surface,  even  when  the  body  emitting  it  ia  not  smooth  or 
polished,  presents  evident  msj-ks  of  poliuisation,  so  that  such  a  body, 
when  viewed  through  a  polariscopic  telescope,  will  present  two 
images  in  complementaiy  colours  (O.  285).  But,  on  the  other  band, 
no  signs  of  polarisation  are  discoverable,  however  oblique  may  be 
the  direction  in  which  the  rays  are  emitted^  if  theltiminoua  matter 
be  flame. 

254..  Zt»  resBlt.  —  The  light procc^eding&om  the  disk  of  the  sun 
has  been  accord bgly  eubmitted  to  this  test.  The  rays  proceeding 
from  its  borders  evidently  issue  in  a  direction  as  oblique  as  possible 
to  the  surfifu'e,  and  therefore,  under  the  condition  most  favour- 
able to  polarisation,  if  the  lundnous  matter  were  liquid.  Never- 
theleae,  the  borders  of  the  double  image  produced  by  the  polanacope 
show  no  signs  whatever  of  complementary  colours^  both  being 
equally  white  even  at  the  very  edge*. 

This  teat  ia  only  applicable  to  the  luminous  matter  at  or  neai 
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the  edge  of  the  disk,  because  it  m  from  this  only  that  the  iny»  ieene 
with  the  ueceesary  obliquity.  But  Hnce  the  sun  revolves  ou  ito 
axis,  evon^  part  of  its  surface  comes  in  euucesaiou  to  the  ed^  of  the 
diak  ;  and  thus  it  follows  that  the  light  eniAnatiug  from  every  pArt 
cf  it  \a  in  ita  natural  or  unplarised  state,  even  when  iaauing  at  the 
greatest  obliquity ;  and,  consequently,  that  the  luminouB  matter  u 
everywhei'o  gftseoua. 

255.  Tbe  stiD  probalilT  tiiTested  witb  a  dontile  ra*«<»«» 
ooftttnf:,— Ail  the  pheuouieua  whit^-h  have  b«*en  ht^re  dot^Tibtd, 
and  othera  wlucli  our  liniita  tompd  us  to  omit,  are  cousidt^red  ob 
giving  a  high  degree  of  physical  probability  to  the  hypothesis  of 
Sir  W.  ITerschel  abneady  noticed,  in  which  the  »un  is  considered  to 
be  a  solid,  opaque,  noo-luminoufl  globe  invested  by  two  concentric 
strata  of  gaseous  matter,  tho  firat,  or  that  which  reata  imnienl lately 
ou  the  surface,  being  non-luminons^  and  the  other,  which  fioata 
upon  the  former,  being  luminous  gas,  or  flaine.  The  relation  and 
ftmmgen*ent  of  these  two  fluid  strata  may  be  illustrated  by  our  own 
atmosphere,  stipporting  upon  it  a  stratum  of  cloutls.  If  such  rlouda 
were  jQauiei  the  condition  of  our  atmosphere  would  represent  t2M 
two  strata  on  the  sim. 

The  spots  in  this  hi^'pothesis  are  explained  by  occasional  openings 
in  the  luminous  stratum,  by  which  parta  of  the  opaque  juid  non- 
luminous  suriac©  of  the  Btilid  globe  are  disclohed.  These  partial 
openings  may  be  compared  to  the  openings  in  tlie  clouds  of  our  sky, 
by  which  the  firmament  is  rendert*d!  partially  visible. 

The  apparent  diameter  of  the  sun  is  not,  therefore,  the  diameter 
of  tlie  solid  globe,  but  that  of  the  globe  bounded  by  the  smface  of 
the  superior  or  luminous  atrooaphere;  and  this  Hrcumstauce  may 
throw  Bome  lipht  upon  the  small  computed  mean  density  of  the 
8un,  sin te  considering  the  high  degree  of  rarefaction  which  must  be 
suppoeed  to  chnracterise  these  atmospheric  strata,  and  es^pecially 
the  superior  one,  the  density  of  the  solid  globe  will  necessarily  be 
much  more  considerable  than  the  mmm  density  of  the  volume  in 
which  such  rareHed  matt-er  is  included. 

256.  Jk  tlilTd  ^nm^QVLM  ittmoipliere  proba,b]e.^Many  circum- 
stances supply  iuiiic^itiona  of  the  existence  of  a  gaseous  atmosphere 
of  great  extent  above  the  Itiminous  matter  which  forma  the  visible 
surface  of  the  sun*  It  is  observed  that  the  brightness  of  the  solar 
disk  ie  sensibly  diminished  towards  its  borders.  This  effect  would 
be  pro<!uced  if  it  were  surrounded  by  an  imperfectly  transparent 
atmosphere,  whereas  if  no  such  gaseous  mediuni  surrounded  it.  the 
n^ verse  of  such  an  eftect  might  be  expected,  since  then  the  thicknesa 
of  the  luminouB  coating  meosiuied  in  the  direction  of  the  visual  ray 
would  be  increased  vftjy  rapidly  in  proceeding  from  the  centit) 
towardjs  the  edges.    This  gradual  diminution  of  brightness  in  pro- 
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Oeeding  towsfrls  Ibe  borders  of  tbe  solar  diak  has  been  noticed  hj 
iiianj  astronomers ;  but  it  was  most  clearly  manifested  in  the  mnea 
of  obaenationa  made  by  Six  J.  Herschel  in  1837,  so  coudu^velj, 
indeedp  aa  to  leave  no  doubt  wbatever  of  its  reJility  on  the  mind  of 
tbflt  eiTiinent  observer.  By  projectitiig  the  image  of  tLe  sun's  disk 
on  wbite  paper,  by  means  of  a  good  Rchromatic  telescope,  this 
diminution  of  light  towards  the  borders,  was  on  that  occasion  ren- 
d«red  so  apparent,  that  it  appeared  to  him  surprising  that  it  should 
ever  have  been  questioned. 

257.  ttn  ezlttence  indicated  hy  Aotar  flollpses. — But  the 
ninst  conclusive  proofs  of  the  exisitonce  of  tsuch  an  external  atmo- 
ephere  are  supplied  by  certain  phenoraena  observed  on  the  occasion 
of  total  eclipses  of  the  sun,  which  will  be  fully  explained  in  another 
chapter  of  this  volume. 

258,  Sir  7,  Bersobel'a  bjimftiealM  to  explain  the  solar  spots, 
— The  immediate  caui^e  of  the  spota  being  pmved  to  be  occiLsional 
ruptures  of  eontimiity  in  the  ocean  nf  lumiuous  fluid  which  forma 
the  visible  sujrface  of  the  s^lar  globe,  it  remains  to  discover  what 
phyaicai  agency  can  be  imaged  to  produce  dynamical  pbc* 
nomena  on  a  scale  so  vaat  bjs  that  which  the  changes  of  appearancQ 
of  the  spots  indicate. 

The  regions  of  the  spots  being  two  zones  parallel  to  the  solar 
equator,  manifests  a  connection  between  these  phenomena  and  the 
sun's  rotation.  The  like  regions  on  the  earth  are  the  tlientres  of 
the  trade- winds  and  an ti -trades,  and  of  hurricanes,  tornadoes, 
waterspouts f  and  other  violent  atmospheric  disturbances.  On  the 
planets  the  same  regions  are  marked  by  belts,  appearances  whiieh 
aro  traced  by  analogy  to  the  same  pbyRical  causes  as  those  which 
produce  the  trades  and  other  atmospheric  perturbation  a  prevailing 
in  the  tropical  and  ultra-Lropical  zonea.  Analogy,  therefore,  sug* 
gests  the  inquiry,  whether  any  physical  Bgencies  can  exist  upon  the 
Btm  similar  to  those  which  produce  these  phenomena  on  the  earth 
and  planets. 

So  far  as  relates  to  the  earth  it  is  certain,  and  so  far  as  relates  to 
the  planets  probable,  that  the  immediate  physical  cause  of  these 
phenomena  i.^  the  inequality  of  the  exposure  of  the  earth's  surface 
to  solar  radiation^  and  the  consequent  inequality  of  temperatiu© 
produced  in  dia*erent  atmospheric  zones,  either  by  the  direct  or 
reflected  calorific  rays  of  the  sim,  combined  with  the  earth's  rota- 
tion (233).  But  since  the  sun  is  itself  the  coninion  fountain  of 
heat,  supph-ing  to  all,  and  receiving  from  none,  no  similiu*  agency 
ran  prevail  upon  it.  It  remains,  therefore,  to  consider  whether  the 
play  of  the  physical  principles  which  are  in  operation  on  the  sun 
it*telf,  irrf*f*pective  of  any  other  botlies  of  the  system,  mn  supply  an 
explanation  of  such  a  local  difference  of  temperature  as,  combined 
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with  tie  &uii'a  rotation,  would  produeo  juiy  special  physicAl  el 
on  the  tnaculitr  zonea,  by  which  the  plienoraetiR  of  the  spots 
be  explicable. 

The  heat  generated  by  some  undiscovered  agency  upon  the  sitn 
is  dispersed  throug-b  the  aurroimdinf^  fipAco  by  radiation.  If,  ^ 
may  be  nssumud^  the  rate  at  which  this  heat  is  gcnemted  be  the 
same  on  all  parta  of  the  aim,  and  if,  moreover,  the  radiation  be 
equally  free  mid  unohgtructed  from  all  porta  of  ita  eurfftce,  it  ia 
evident  that  an  imifarai  teiupcrature  must  be  CTerywhere  main- 
tained. But  if,  from  any  local  cause,  th»^  radiation  be  more  ob- 
structed in  some  rejriona  than  in  othera,  h*?at  will  aecumulate  in 
the  former,  and  the  local  temprature  will  be  more  elevated  thera 
than  where  the  radiation  ia  more  free. 

But  the  only  obstruction  to  free  mdiatinn  frona  the  aun  muat  arise 
from  the  atmo«phere  with  whichj  t<>  a  height  so  enonooua,  it  is 
BiuTounded,  If,  however,  ikie  atmosphere  have  everywhere  the 
ftame  hei|iht  and  the  same  density,  it  will  present  the  same  ob- 
stnicti^^n  to  radiation,  and  the  elective  radiation  which  takes  place 
through  it,  though  more  feeble  than  that  which  would  be  produced 
in  tt^  ab«eace^  is  atill  uniform > 

But  since  the  sun  hafl  a  motion  of  rotation  on  ita  fpda  in 
25*  j"*  48",  it«  atmosphere,  like  that  of  the  earth,  must  participate 
iti  that  motion  and  the  etFecta  of  centrifugal  force  upon  matter  bo 
mobile :  the  equatorial  zone  being  carried  round  with  a  velocity 
greater  than  300  miles  per  second,  while  the  polar  zonea  are 
moved  at  a  rate  indetiuitely  slower,  all  the  eflecta  to  which  the 
epheroidal  form  of  the  earth  is  due  will  ntfect  this  fluid  with  an 
energy  proportionate  to  its  tenuity  imd  mobility,  the  coaaeqiience 
of  which  will  be  that  it  will  aasume  the  form  of  an  oblate  sphe- 
roid, whose  axis  will  be  that  of  the  wun'a  rotation.  It  will  flow 
from  the  poles  tiy  the  equator,  and  ita  height  over  the  zones  con- 
tiguous to  the  pquator  will  be  greater  than  over  those  contiguous 
to  the  poles,  in  a  degree  proportionate  to  the  elliptieity  of  the 
atmospheric  spheroid. 

Now,  if  this  reasoning  be  admitted,  it  will  follow  that  the  ob- 
struction to  rtidiation  produced  by  the  solar  atmogphorts  ia  greatest 
over  the  equator,  and  gradually  decreases  in  proceeding  towarda 
either  pole.  The  accumulation  of  heat,  and  consequent  elevation 
of  temperature,  isj,  therefore,  greatest  at  the  equator,  and  gradually 
decreafies  towards  the  poles,  exactly  aa  happens  on  the  earth  from 
other  and  different  physical  causes. 

The  effects  of  this  inequality  of  temperature,  combined  with  the 
rotation,  upon  the  solar  atmosphere,  will  of  course  he  similar  in 
their  general  character,  and  different  only  in  degree  from  the  phe* 
Doznena  produced  by  the  like  cause  on  the  earth.   Inferior  currenta 
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will,  aa  upou  the  earth »  prevail  towards  the  e<]^uator.  ADd  superior 
counter-currenta  towarJa  the  pilea  (233).  The  epow  of  the  sun 
would,  therefore,  be  assimilated  to  thoae  tropical  ragianu  of  the  earth 
in  which,  for  the  moment,  hurrieanea  and  tomadoea  prevail,  the 
upper  straluiji  which  has  come  firom  the  eqitator  being^  temporarily 
carried  downwards,  dieplaciiijy  bjr  ita  force  the  strata  of  luiniiioua 
matter  beneath  it  (whiii  muy  be  conceived  aa  fonmug  an  bahituaDj- 
tranquil  limit  betweeo  the  oppoi^itc  tipper  and  undercurrents),  the 
upper  of  course  to  ft  great«r  extent  than  the  lower,  and  thus 
wholly  or  partially  denuding  the  opaque  surface  of  the  sun  h*;low. 
Buck  processes  cannot  be  unaccompajiied  by  vorticoae  motioofly 
which,  left  to  themselvea,  tlie  away  by  degreee,  and  diaaipate,  with 
this  peculiarity,  that  their  lower  portions  come  to  rrat  more 
speedily  than  their  upper,  by  reason  of  the  greater  distance  below, 
aa  well  aa  the  rcmoteneaa  from  the  point  of  action,  which  lies  in  a 
higher  region,  bo  that  their  centre  (as  seen  in  our  waterspouts, 
whith  are  nothing  but  small  tornadoes)  appears  tu  retreat  up- 
wards.* 

Sir  J.  Herschel  maintaius  that  all  thia  agrees  perfectly  with 
what  is  observed  during  the  obliteratiou  of  the  solar  spots,  which 
apptT^ar  as  if  filled  in  by  the  collapse  of  their  sides,  the  penumbra 
cloiiing  in  upon  the  spot  and  disappearing  afterwards. 

•It  woidd  have  rendered  this  ingenioug  hj'pothesis  still  more 
satisfactory,  if  Sir  J.  Herschel  had  assigned  a  reason  why  the 
Iiuninnus  luid  subjacent  non-luminous  atmosphere,  both  of  which 
are  assumed  to  be  gaseous  tluids,  do  not  affew^t,  in  consequence  of 
the  rotation,  the  same  spheroidal  form  which  he  ascribes  to  the 
superior  solar  atinoaphere. 

259,  C&lorlflo  power  of  solmr  ray»-  — Tlie  intensity  of  heat 
on  the  suu's  surface  htis  been  found  to  be  seven  times  as  great  aa 
that  of  the  vivid  ignition  of  the  fuel  in  the  strongest  blast  furnace. 
This  power  of  solar  light  is  alao  proved  by  the  facility  with  which 
the  chloride  rays  pass  through  glass.  Herschel  found,  by  eip»eri- 
ments  made  w^ith  an  actinometer,  that  8r6  per  cent,  of  the  calo- 
rific rays  of  the  sim  penetrate  a  sheet  of  plate  glass  0'12  inch 
thick,  and  that  859  per  cent,  of  the  rays  which  have  passed  through 
one  such  pkto  will  p^iss  through  another.f 

260.  Probable  pbyalcal  «ainae  of  lol&r  beat. —  One  of  the 
most  difficult  questions  connected  with  the  physical  condition  of 
the  auD,  is  the  discovery  of  the  agency  to  which  its  heat  is  due. 
To  the  hypothaHia  of  eouibiistion,  or  any  other  which  involves  the 
suppositiou  of  extensive  chemical  change  in  the  constituents  of 
the  surface,  there  are  insupcrahle  difBcultiea.     Conjecture  is  all 
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that  caa  be  offered,  in  tlie  absence  of  all  data  upr>ii  whidi  reafion- 
ing  can  he  baaed,  Witiiout  any  cheoiical  change,  heat  may  be 
indeliiiitelj  generated  eiiher  bj  friction  or  by  electric  currenta,  and 
each  of  these  causes  have  accordingly  been  suggested  as  a  posatble 
fk>ttrc6  of  8olar  heat  and  light.  According  to  the  latter  hypotheens, 
the  aim  would  be  a  great  klecteic  light  in  the  centre  of  the 


CHAPTER  xnx 


26 1 ,  Veroeptloo  of  tile  motton  and  position  of  ■nrronadlac 
olijecta    depetidA   upon  the  statl<»n  of  tlk«  ohmervBr,  —  The 

facilitT,  clearaeas,  and  certainty  with  which  tb«  motions,  diBtances, 
magnitudes,  and  relative  position  and  arrangement  of  any  aurround- 
iag  objectd  caa  be  aecertained,  depends  in  a  great  degree,  upon  the 
station  of  the  observer.  The  form  and  relative  disi>osition  of  the 
building,  streets,  squares,  and  limite  of  a  great  city,  are  perceived, 
for  example,  with  more  clearae-sa  and  certainty  if  the  station  of  the 
obserrer  be  selected  at  th<j  summit  of  a  lofty  buOding,  than  if  it 
were  at  any  atation  level  with  the  general  piano  of  the  city  itaelf. 
This  advantage  attending  an  elevated  place  of  obaervation  ia  mucb 
augmented  if  the  objecta  obaerved  are  affected  by  varioua  and 
complicate'd  motions  inter  ar,  A  genera],  who  directs  the  evolutions 
of  a  battle,  seeks  an  elevated  position  from  which  he  can  obtiiin,  88 
far  aa  it  ia  practicable  to  do  bo,  a  hirds  e^e  view  of  the  field  ;  and 
it  was  at  one  time  proposed  to  employ  captive  balloons  by  which 
observers  could  be  raised  to  a  aufficiont  elevation  above  the  plane 
of  the  military  njanoeuitTes. 

All  theae  difficulties^  which  arise  from  the  station  of  the  observer 
being  in  the  general  plane  of  the  motions  observed,  are,  however, 
infinitely  aggmvaled  when  the  station  has  iteelf  motions  of  which 
the  observer  is  unconscious ;  in  such  case,  the  etfecta  of  these 
motions  are  optically  transferred  to  surrounding  objects,  giving  them 
apparent  motionfl  in  directions  contrary  to  that  of  the  obsener,  and 
apparent  velocities,  which  vary  with  their  dtatance  from  the 
observer,  increajmig  as  that  distance  dimiuishesj  and  diminiahiii^ 
as  that  distance  increases. 

All  such  effects  are  imputed  by  the  unconscious  observer  to  so 
many  real  motions  in  the  objects  observed  j  and,  being  mixed  np 
with  the  motioan  by  which  such  objects  theuiaelveu  are  uctufdJy 
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affected,  an  inextricablB  conluBion  of  changes  of  poaition,  Rpparent 
and  real,  results,  wluch  involve*  th©  observer  in  obscurity  and 
difficult)',  if  his  purpose  be  to  ««:ertam  the  actual  motions  and 
relative  diHtances  and  atrangement  of  the  objects  around  him. 

262.  VacnMar  dlAcoltltiii  presented  hy  tJie  lotar  ajitciBu 
^AU.  theae  difficulties  art»  preseuted  in  their  moat  agg-rarated 
Ibrm  to  the  observer,  who,  being  placed  upon  the  earth,  deairea  to 
eacertain  the  motiona  and  positions  of  the  bodies  componn^  th© 
Bolar  tiiystt^m.  Theae  bodiea  all  move  nearly  in  one  plaue^  and 
from  that  plane  the  observer  nevt-r  departa :  he  is,  therefore,  deprived 
altogether  of  the  facilities  and  advantages  which  a  bird^a  eye  view 
of  the  system  would  afford.  Ho  is  like  the  commander  who  can 
find  no  station  fn)ra  which  to  view  the  evolutions  of  the  army 
againatwhich  he  has  to  contend,  except  one  upon  a  dead  level  with 
it,  but  with  this  great  addition  to  his  embarrassment,  that  hia  own 
Btation  ifl  itself  subject  to  various  changes  of  poaition,  of  which  he 
18  altogether  unconscioufl,  and  which  he  can  only  ascertain  by  the 
apparent  changes  of  pfj^ition  which  they  produce  amoDg  the  objects 
of  hia  observation  and  inquiry. 

The  difficulties  arising  out  uf  theae  ciircumstftncea  obstructed  for 
ages  the  progreaa  of  astronomical  acience,  Tho  peisuadion  so 
imiversally  entertained  of  the  absolute  immobility  of  the  earth,  waa 
not  only  a  vast  error  itself,  but  the  cause  of  numerous  other  errors. 
It  naialed  inquirers  by  compelling  them  to  ascribe  motions  to 
bodies  which  are  stationarv',  mid  to  ascribe  to  bodies  not  sta' 
tionary,  motions  altogether  dilferent  from  those  with  which  they  are 
really  affected. 

263.  Cv«iienil  arnui$eiii«tit  of  liodiAa  eomitoaing'  the  solar 
mjmtmia,  —  The  mlnr  eyatem  is  an  assemblage  of  great  bodies, 
globular  in  thoir  form,  and  analogous  in  many  respects  to  the  earth. 
Like  the  earth,  they  revolve  roimd  the  sun  as  a  common  centre^  in 
orbits  which  do  not  differ  much  from  eirclea  :  aU  these  orbita  are 
very  nearly,  though  not  exactly,  in  the  same  plane  with  the  annual 
orbit  of  the  earth,  and  the  orbital  motions  all  take  place  in  the 
same  direction  as  that  of  the  earth. 

Several  of  theae  bodies  are  the  centres  of  secondary  systems, 
another  order  of  smaller  globes  revolving  round  them  respctively 
in  the  same  maimer,  and  according  to  the  same  dynamical  laws  as 
govern  thoir  ovni  motion  round  the  sim. 

264.  yiaiiets  prln&ai^  and  seeondar?*'— This  assemblage  of 
globes  which  lbu9  revolve  round  the  sun  aa  a  common  centre,  of 
which  the  earth  itself  is  one,  are  called  placets  ;  and  the  second- 
ary globes,  which  revolve  round  seventl  of  them,  are  called 
BicoNDABT  PLACETS,  SArEiJJTE.H,  or  MOONS,  one  of  them  being  oui 
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moon,  which  TGTolTea  round  the  earth  as  the  earth  itself  verolrm 
round  the  Bun. 

265.  FrliaBry  oanr  with  tliexa  the  idCooaaJT  rmsnd  the 

swu — The  primary  planets  which  are  thus  attended  by  satellitea, 
carry  the  satellites  with  them  in  their  orbital  course  ;  the  comoiQU 
orbital  motioD,  thus  shared  by  the  primary  planet  with  ite  aec-ond- 
artes,  not  prerenting  the  barmonious  motion  of  the  eecoDdaiies 
round  the  primary  as  a  corn  mo  n  centre. 

z66.  ]plq.aetary  motions  to  lie  flmt  reffardedl  a*  elronlara 
Qnlfonn,  and  in  a  conunon  plane. —It  will  bo  conducive  to  the 
more  eaay  and  dear  comprobenBion  of  tbo  pheaomeua  to  coogider, 
in  the  first  instance^  the  planets  aa  moving  round  the  sun  aa  their 
oommon  centre  in  exactly  the  same  plane,  in  exactly  circular  orbits, 
and  with  motions  exactly  uniform.  None  of  theae  guppoaitions 
correspond  precisely  with  their  actual  motions  j  but  they  repreaent 
them  80  very  nearly,  that  nothing  short  of  very  precise  means  of 
obseiTation  and  measurement  is  capable  of  detecting;  their  departure 
from  thera.  The  motiona  of  the  eystera  tbna  uaderatood  vnH  form 
a  first  and  very  close  approximation  to  the  truth.  The  modificA- 
tions  to  which  the  condusiona  thus  estebliished  must  be  submitted, 
80  as  to  allow  for  the  departures  of  the  seTeral  planeta  from  the 
plane  of  the  ecliptic,  of  their  orhit«i  from  exact  circles,  and  of  their 
motions  from  perfect  imlforniityj,  will  be  easily  introduced  and  com- 
prehended. But  even  these  will  supply  only  a  second  approximation^ 
Further  investigation  will  show  series  after  eeriea  of  corrections, 
more  and  more  minute  in  their  quantities,  and  requiring  longer  and 
longerperioda  of  timeto  manifest  the  eHects  to  which  they  are  directed, 

267.  Inferior  and  anperloT  planeta. —  The  concentric  orbits 
of  the  planets  then  are  included  one  within  another,  augmenting 
successively  in  their  distances  from  the  centre,  so  aa  in  general  to 
leave  a  great  space  between  orhifc  and  orbit. 

Those  planeta  which  are  included  within  the  orhit  of  the  earth 
are  called  rN^FEBioB  plinets,  and  all  the  others  are  called  bupe- 

EIOR  PLANETS. 

368.  Perloda.  —  The  periodic  tike  of  a  planet  is  the  interval 
between  two  fruccei»8ive  returns  to  the  same  point  of  ita  orbit,  or, 
in  short,  the  time  it  takes  to  make  a  complete  revolution  round  the 
aun.  It  is  found  by  observation,  as  might  be  naturally  expected^ 
that  the  periodic  time  increasca  with  the  orbit,  being  much  longer 
for  the  more  distant  planeta;  but,  na  will  appear  bereaiter,  this 
increase  of  the  periodic  time  is  not  in  the  same  proportion  as  the 
increase  of  the  orbit 

269.  Synodic  motion. — The  motion  of  a  planet  considered 
merdy  in  relation  to  that  of  the  earth,  without  reference  to  ita 
actual  position  in  itg  orbit,  ia  called  its  STBonic  motion. 
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270.  O«oc«otrlo  &3i<l  tiellocentrlo  motloiaj, — The  position 
and  motion  of  a  planet  aa  they  appear  to  an  obeerver  on  the  ettrth 
are  called  GKOCEKnuc*;  and  as  they  would  appear  if  the  observer 
were  tmoafenred  to  the  sue,  are  called  Htsxiocentbic. 

271.  Belloceiitrlo  BiotiDn  diedncible  fk-om  reooeiitrf Oi -^ 
Although  the  apparent  motions  cannot  bo  directly  obsened  from 
the  sun  aa  a  station,  it  is  a  gimple  problem  of  elementary  geometry 
to  deduce  them  from  the  geocentric  motiona,  combined  Tvith  the  rela- 
tive dbtances  of  the  earth  and  plaI^et  from  the  esuo  ;  so  that  we  are  in 
aconditioQ  to  state  with  perfect  cleamesa,  precision,  and  certainty, 
all  the  phenomena  whkh  the  raotionfl  of  the  planetary  system  would 
present,  i^  instead  of  being  seen  from  the  movable  station  of  the 
earth,  they  were  witnessed  from  the  fixed  central  statioD  of  the 
fiun. 

272.  ■l©iifmtloii.^-Tbe  geocentric  position  of  a  planet  in  rela- 
tion to  the  sun,  or  the  angle  formed  by  lines  drawn  from  the  earth 
to  the  Bun  and  planet,  is  called  the  moifOAnoii  of  the  planet,  and 
ia  EAST  or  west,  according  aa  the  planet  ia  at  the  one  aide  or  the 
other  of  the  eon* 

273.  Conjimoilon.-^Wlien  the  elongation  of  a  pi anet  ia  nothing, 
it  is  said  to  be  in  coNJtjycnoy,  being  then  in  the  same  direction  aa 
the  sun  when  seen  fironi  the  earth. 

274.  OppiMltion,  —  When  the  elongation  of  a  planet  is  180", 
it  is  eaid  to  be  in  OFPoatTtojf,  being  then  in  the  quarter  of  the 
heavens  directly  opposite  to  the  sun. 

It  is  evident  that  a  planet  which  is  in  conjunction,  paaaea  the 
meridian  at  or  very  near  noon,  and  is  therefore  above  the  horizon 
during  the  day,  and  below  it  during  the  night 

On  the  other  hand,  a  planet  which  ia  in  opposition,  paaaea  the 
meridian  at  or  very  near  midnight,  and  therefore  is  above  the 
horixon  during  the  night,  and  below  it  during  the  day. 

27  ^.  Quadrature.  — A  planet  ia  said  to  be  in  quadrature  when 
ita  elongation  ia  go°. 

In  thiB  position  it  pafises  the  meridian  at  about  six  o'clock  in 
the  morning,  when  it  hoa  western  quadrature,  and  six  o'clock  in 
the  evenbg,  when  it  haa  eastern  quadrature.  It  is,  therefore,  above 
the  horizon  on  the  eastern  side  of  the  firmament  during  the  latter 
part  of  the  night  in  the  former  case,  and  on  the  western  aide  daring 
the  first  part  of  the  night  in  the  latter  case.  It  ia  a  morning  star 
in  the  one  case,  arid  an  evening  star  in  the  other. 

276.  Bynodlo  period. —  The  interval  which  elapses  between 
two  siniilar  eiongationa  of  a  planet  is  called  the  aTNonic  peeiod  of 


•  From  the  Greek  wtirda  yn  (ge)  and  ?At«  (h«Uos),  Bigtufying  the  earth 
and  tfte  sum. 
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tb©  pl&nel  Thus,  the  interval  between  two  auoceasire  oppasitioni 
or  two  successive  eastern  or  western  quadratures,  is  the  sjiiodic 
period. 

27  7.  Inferior  uid  superior  eoqjtmotloii^'^A  superior  planet 
can  never  be  in  conjunctioo  eicept  when  it  b  placed  on  the8.ide  of 
the  aun  opposite  to  the  earth,  so  that  11  line  drawn  from  the  eftrth 
through  the  sun  would,  if  cont'mued  beyond  the  sun,  be  directed  to 
the  planet.  An  inferior  planet  is,  however,  also  in  conjunction 
when  it  crosses  the  line  drawn  from  the  earth  to  the  sun,  between 
the  earth  and  sun.  The  former  in  distinguish cmI  as  snt* ebior  and 
the  latter  as  djferiob  conjunction. 

As  inferior  conjimction  necessarily  supplies  the  planet  to  be 
nearer  to  the  sun  than  the  earth,  and  opposition  supp^xses  it  to  be 
more  distant,  it  follows  that  inferior  plftueta  alone  can  be  in 
inferior  conjunction,  and  superior  plaiit^ta  alone  in  opposition. 

Z7S<  Direct  and  retrogTAde  motion.— TM11  en  a  planet  appears 
to  more  in  the  direction  in  which  the  sun  appears  to  move,  its 
apparent  motion  is  said  to  be  direct  ;  and  when  it  appears  to  more 
in  the  contrary  direction,  it  is  said  to  be  retbogeade. 

The  apparent  morion  of  an  inferior  pliinet  is  always  direct,  except 
within  a  certain  elongation  eaat  and  west  of  inferioir  conjuncrioni 
when  it  is  retrograde. 

2. 79,  Condi tionm  under  wliloli  a.  planet  la  Tlallile  in  the 
nbeenoe  of  tbeann.^It  is  evident  that  to  be  visible  in  the 
absence  of  the  aun,  a  celearial  object  must  be  so  far  elongrated  from 
that  luminary  as  to  be  above  the  horizon  before  the  commencement 
of  the  morning  twilight,  or  after  the  end  of  the  evening  twilight. 
One  or  two  of  the  planets  have,  nevertheless,  an  apparent  magni- 
'  tude  so  considerable,  fmd  a  lustre  so  intense^  that  thi'y  are  sometimee 

seen  with  the  naked  eye,  even  before  sunset  or  al^er  sunrise,  and 
may,  in  general,  ho  seen  with  a  telcstope  when  the  sun  has  a 
considerable  altitude.  In  most  cases,  however,  to  be  risible  without 
a  telescope,  a  planet  must  have  an  elongation  greater  than  30^ 

As  an  inetanco  of  the  risibility  of  a  planet  to  the  naked  ey© 
during  the  day  time,  it  may  he  mentioned  that  Venus  has  fire- 
quently  been  seen  at  Greenwich,  between  one  and  two  o*clock  in 
the  afternoon,  when  the  planet  was  near  the  meridian,  and  under 
favourable  circumstances  with  a  brilliajit  sky. 

280.  Bvenlnc^  and  morolnp  ti^u*. — Since  the  inferior  planets 
can  never  attain  so  great  an  elongation  m  90°,  they  must  always 
pass  the  meridian  at  an  intenal  considerably  leas  than  six  hoiuB 
before  or  after  tlie  sun.  If  they  have  eastern  elongation  they  paas 
the  meridian  in  the  afternoon,  and  are  vi-^ible  above  the  horifon 
after  sunset,  and  arc  then  calkd  etesinq  staiis.    If  they  have 
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western  eloTi|Efntioii  they  pass  tbe  meridian  in  tbe  furenoon,  and  rto 
visible  above  the  eastern  horijton  before  Bunrise,  and  are  then  called 

MOENIUfl-  STAltS, 

281.  Anpeoruice  of  fliip«ricir  plftii«t*  at  Tarloiu  «lonffa> 
tloDAi  —  A  superior  planet,  havinia:  every  degree  of  elongation  east 
and  west  of  the  eun  from  o*'  to  1 80*^,  passes  tbe  meriiiion  <lariiig 
its  synodic  period  at  all  houra  of  tbe  day  and  uigbt  Between 
coBJunfrtioa  and  quadrature,  its  eloagation  east  or  west  of  the  sun 
being  less  than  90",  it  passea  the  meridian  earlier  than  mx  o*dock 
in  the  afternoon  in  the  former  case,  and  later  than,  six  oVlocJc  in 
the  forenoon  in  tbe  latter  case,  being,  like  an  inferior  plonet,  an 
evening  star  in  the  former,  and  a  morning  Btar  in  the  latler  case. 

At  eaatem  quadrature  it  passea  the  meridian  at  six  in  the  even- 
ing, and  at  western  quadrature  at  six  in  the  morning,  appearing 
«till  as  an  evening  star  in  the  fonner,  and  as  a  rooming  star  in  the 
latter  caae. 

Between  the  eastern  quadratnre  and  opposition ,  the  elongation 
being  more  than  go*"  eiiflt  of  the  iun,  the  planet  must  pass  the 
meridian  between  six  o'cloek  in  the  evening  and  midnight,  and  ie 
therefore  vif^ible  from  eunset  until  some  hours  before  sumise. 
Between  western  quadrature  and  opposLtion,  the  elongation  being 
mcore  than  go°  west  of  the  sun,  the  planet  must  pass  the  meridian 
at  Bome  time  between  midnight  and  six  o'clock  in  the  mornings 
and  it  ia  therefore  visible  from  some  hours  after  eunget  until  buh- 
rise. 

At  opposition  the  planet  paauea  the  meridian  at  midnight,  and  ia 
therefory  vij*ible  from  eimset  to  aunriae. 

282.  Pbases  of  a  planet,— While  a  planet  levolven^  that 
hemisphere  which  is  pre.sented  to  the  sun  ia  illuminated,  and  the 
other  dark.  But  since  the  same  hemisphere  is  not  presented 
generally  to  the  earth,  it  follows  that  the  visible  hemisphere  of  the 
planet  will  consist  of  a  part  of  the  dark  and  a  purt  of  the  enhght- 
eued  hemisphere,  and,  consequently,  the  planet  will  exhibit  PiiABESt 
the  varietiea  and  limits  of  which  will  depend  upon  tho  relative 
directions  of  the  lines  drawn  from  the  earth  and  sun  to  the  planet. 
It  is  evident  that  the  section  of  the  planet  at  right  angles  to  a  line 
di»w!i  from  the  sun  to  its  centre  is  the  huso  of  its  eulighteneii 
hemisphere,  while  the  section  at  right  angles  to  a  line  drawn  from 
the  earth  to  its  centre,  is  the  base  of  its  visiblo  heniLnphere.  Tho 
less  the  angle  inchidf^d  between  theao  lint^s  i<*,  the  greater  will  be 
the  portion  of  the  visible  hemisphere  which  is  enlightened. 

283.  FerllieUoxit  apbeUon,  mean  distance.— llifit  point  of 
tiie  elliptic  orbit  at  which  a  planet  is  netu^^t  to  the  sun  is  called 
PEBiffiEUOJf,  and  that  i>oiut  at  which  it  is  most  remote  ia  called 

APHELlOJf. 
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WEAK  BISTANCB  of  a  pUoet  from  the  sun  is  haM  the  sum 
least  distancea. 


its  greateet  aod 

284.  SCaJor  and  lolnor  axest  mud  exeentrlolty  of  tbe  orbit. 

—The  ^37.  54  rt»preseats  an  ellipse,  of  which  f  is  the  focuis  and  0 
the  centre,  Th«  line  c  f  contiaucd  to  V  imd  a  ia  the  major  axis, 
aometimea  railed  the  transverKB  axia.  Of  ail  the  diainetcrs  "which 
can  he  drawn  through  the  centre  c,  temiinaling  in  the  cuire,  it  is 

the  longest,  while  MCm',  drawn 
At  right  angle!)  to  it»  caUed  the 


-^P 
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KTNofi  AXIS,  is  the  shortest.  The 
line  F  w",  which  ia  equal  to  p  c, 
hftli"  the  major  axis,  riud  there- 
fore to  hjilf  the  sum  of  the  great- 
est and  least  distances  of  the 
ellipse  from  its  focus,  is  the  mras 

UISTANCE. 

A  planet,  is,  therefore,  at  its  mean  distance  from  the  sun  when  it 
is  at  the  extremities  of  the  minor  axis  of  its  orbit, 

Thore  ia  another  point  f"  on  the  mftjor  axis,  at  a  distance  f'  c 
from  the  centre,  equal  to  FC,  which  hna  also  the  j^reometrir  pro- 
perties of  the  focus.  It  ia  sometimes  distiugidahed  as  the  Enrrr 
pooua  of  the  planet's  orhit, 

Ellipfles  may  be  more  or  less  excexteic,  thtit  is  to  say  more  or 
less  ovftL  The  less  excentric  they  are,  the  lees  they  differ  ia  form 
from  a  circle.  The  degree  in  whicii  they  have  the  oval  form, 
depends  on  the  ratio  which  the  distance  p  c  of  the  focus  from  the 
centre,  bears  to  P  €»  the  semi-axis  mnjor  Two  ellipses  of  different 
magnitudes  in  which  this  mtio  is  the  same,  have  a  like  form,  and 
are  equally  excentric.  The  less  the  ratio  of  c  p  to  c  p  is,  the  more 
nearly  does  the  ellipse  resemble  a  circle.  This  ratio,  is,  thereforCi 
called  the  eickntricitt. 

The  excentridty  of  a  planet's  orbit  will,  therefore,  be  that  number 
which  eipreasea  the  distance  of  the  sun  from  the  centre  of  the 
ellipse,  the  semi-axis  major  of  the  orbit  being  taken  as  the  unit. 

285.  A.i»14«ftf  ftnomal;^.  —  The  points  of  PEBiHELioy  and 
APHELION  are  called  by  the  common  name  of  APsinEfl. 

If  an  eye  placed  at  the  sim  f  look  in  tbe  dircctioD  of  p,  that  point 
will  he  projected  upon  a  certain  point  on  the  fimiAinent  Thb  is 
called  the  place  of  PEBiHEUOif. 

The  angle  formed  hy  a  line  drawn  from  the  sun  to  the  place  p  of 
a  planet,  and  the  major  axis  of  its  orbit,  or,  what  is  the  same,  the 
angular  distance  of  the  planet  from  its  perihelionji  as  seen  from  the 
son,  is  called  its  a^jomalt. 

If  an  imaj^inary  planet  be  supposed  to  move  from  perihelion  to 
aphelion,  with  any  uniform  angiilar  motion  round  the  sun  in  tho 
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aame  time  that  the  reel  planet  moveB  between  the  same  pointfl 
with  a  variable  imguliLr  motion,  the  anomaly  of  thia  imagiuarjr 
planet  is  called  tho  hkas-  anomaly  of  the  planet. 

286.  Piacfi  of  peiilidlloii.— The  flac£  of  rsfiiBKUOK  is  ex- 
presived  by  indicating  the  particultir  fixed  star  at  or  near  which  the 
planet  at  p  is  at>eii  from  r,  or,  what  ia  the  same,  the  distance  of 
that  point  from  some  fixedi  and  known  point  in  the  heavens.  The 
point  selected  for  this  purpose  ia  the  vernal  equinoxial  point,  or  the 
firdpomt  of  ArieA.    The  distance  of  perihelion  from  this  pointj  aa 

Been  from  the  aim,  ia  called  the  LONorrrDE  of  PEKmtLUojr,  and  ia 
an  important  condition  affecting  the  position  of  the  planet's  orbit  in 
space, 

287.  Bxcentrlcltlfi*  of  i>rl>lta  smiUl, —  The  planets'  otbit4i, 
like  that  of  the  earth,  though  elliptical,  are  verj'  slightly  ao.  The 
eicentricitiea  are  ao  minute^  that  if  the  form  of  the  orbit  were 
delineated  on  paper^  it  conld  not  be  distinguished  from  a  circle 
except  by  rery  exactly  measuring  ita  breadth  in  different  direc- 
tioDS. 

288.  Kair  of  attraeiioii  dedtLoed  f^om  elliptic  orbit. — As 
the  equable  description  of  areae  romid  tho  centre  of  the  sun  proves 
thftt  point  to  be  the  centime  of  attraction,  the  elliptic  form  of  tho 
orbit  and  the  position  of  the  aun  in  the  focua  indicate  the  law 
according'  to  which  thia  Attraction  varies  aa  the  distance  of  the 
planet  £rom  the  sun  varioa.  Newton  has  demonstrated,  in  his 
Pbtnctfia,  that  such  a  motion  necessarily  involves  tho  condition 
that  the  intensity  of  tho  attractive  forcCt  at  different  points  of  the 
orbit^  varies  inversely  as  the  square  of  the  distance,  increasing  as  the 
square  of  the  diatanco  decreoaeg,  and  ttca  vertd, 

289.  Tbe  orliit  ml^bf  be  a  parabola  or  tkT1>erbotft« — Newton 
also  proved  that  the  converse  is  not  necessarily  true,  and  that  a 
body  may  move  in  on  orbit  which  is  not  elliptical  round  a  centre 
of  force  which  varies  according  to  this  law.  But  he  showed  that 
the  orbit,  if  not  an  ellipse,  must  be  on©  or  other  of  two  curves, 
A  PAHABOLA  or  HTPERBOLAj  having  a  close  geometric  relation  to 
the  ellipse,  and  that  In  all  cases  the  centre  of  force  would  be  the 
focus  of  the  curve. 

These  three  sorts  of  curves*  the  ellipse,  the  parabola,  nnd  hyper- 
boln,  ore  those  which  would  be  produced  by  cutting  a  cone  in 
different  directions  by  a  pkne,  and  they  are  hence  culled  the  coinc 
BEcnoss. 

290.  Cozidltloiiii  wMoh  determine  tbe  speoles  of  tbe  orbit. 
— ^The  conditions  under  which  the  orbit  of  a  planet  might  he  a 
parabola  or  hyperbola,  depend  on  the  relation  which  the  velocity 
of  the  motion  of  the  planet,  at  any  given  point  of  the  orbit,  bears 
to  the  intensity  of  the  attractive  force  at  that  pohit.    It  ia  demon-* 
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stmble  tliat,  if  the  velodty  witli  which  a  planet  movep  at  any  giren 
point  of  its  orbit  were  aitddenly  augmonttd  in  a  certain  proportioii, 
its  orbit  would  become  a  parabola,  and  if  it  were  Btill  more 
RugmeDted,  it  would  become  an  hyperbola. 

The  ellipse  is  a  curve  which,  like  the  ciwle,  rdumt  mio  itielf,  so 
that  a  body  moving  in  it  muat  necfiaaarily  retrace  the  eame  path  in 
an  endleae  aucceaeion  of  revolutions.  This  is  not  tbe  character  of 
the  parabola  or  hyperbola.  They  are  not  closed  curves,  but  consist 
of  two  branches  which  continue  to  diverg"©  from  each  other  without 
ever  meeting,  A  planet,  therefore,  which  would  thus  move,  would 
pnas  near  tbe  sun  once,  following  a  curved  path,  but  would  then 
depart  never  to  return, 

291.  Kaw  of  ffravltatloii  reneral.  — Tlie  elliptic  fonn  of  the 
orhit  of  a  planet  indicates  the  law  which  governs  the  variation  of 
tbe  8un*s  attraction  from  point  to  poijit  of  such  orbit ;  but  beyond 
this  orbit  it  proves  nothing.  It  remains,  therefore,  to  show  from 
the  planetary  motions  round  the  sun,  and  from  the  motions  of  the 
satellitee  r^iund  their  primane#,  that  the  same  law  of  nttraction  by 
which  tbe  intensity  decreases  as  the  square  of  the  distance  hova. 
the  centre  of  attraction  increases,  and  vice  versa  ^  is  universal. 

The  attraction  exerted  upon  any  liody  may  be  meiiBuied,  in 
general^  as  that  of  the  earth  on  bodies  near  its  surface  is  measured, 
by  the  spaces  through  which  the  attracted  body  would  be  drawn 
in  a  given  time.  It  has  been  found,  that  the  attraction  which  the 
earth  exerts  at  its  surface,  is  such  as  to  draw  a  hody  towards  it 
through  193  inches  in  a  second.  Now  if  the  space  through  which 
the  sun  would,  by  its  attraction  at  any  proposed  dutance,  draw  a 
body  in  one  second^  could  be  found,  the  attraction  of  the  sun  at 
that  distance  could  be  exactly  compared  withf  and  measured  by 
the  attraction  of  the  earth,  just  as  the  length  of  any  line  or  distance 
ia  ascertained,  by  applying  to  it,  and  comparing  it  with,  a  standard 
yard  measure. 

292.  Xnollnatlon  of  tlie  orbit*  —  nodes, — For  the  sake  of 
iUuBtration,  we  wiU  siippoae  the  planets  to  he  moving  in  the  plnne 
of  the  earth's  orbit.  If  this  were  strictly  true,  no  pknet  would 
ever  be  seen  on  the  heavens  out  of  the  ecliptic.  The  inferior 
planets,  when  in  inferior  couj  unction,  winild  alirmfs  Gpjwar  as  spots 
on  the  aun;  and  when  in  superior  conjunction,  they,  as  well  aa  the 
superior  planets,  wouJd  always  he  behind  the  sun's  diek.  This  is 
not  the  case.  The  planets  generally,  euperior  and  inferior,  are 
seldom  seen  actually  upon  the  ecliptic,  although  they  are  never  f»ir 
removed  from  it.  The  centre  of  the  planet*  twice  in  e^ch  revolution, 
is  obsen^ed  upon  the  ecliptic.  The  points  at  which  it  is  thus  foimd 
upon  tbe  plane  of  the  earth's  orbit  are  at  opposite  sides  of  the  sun, 
180''  asunder^  as  seen  from  that  luminary.    At  one  of  them  the 
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pLmet  pnases  firotn  the  south  to  tbe  nortli  of  the  ecliptic,  and  at  the 
other  from  the  north  to  t lie  aouth. 

293.  Wodes,  aaoecaioff  and  d«fto«]idtiir- — Those  points, 
where  the  centre  of  a  planet  crosses  the  ecliptic,  are  called  it«  Kodes, 
that  at  which  it  pnaaea  fTOm  soutli  to  north  heing  called  the  ASCBin>- 
INO  NOPE,  luid  the  other  the  descending  kode. 

While  the  planet  passes  from  the  ascending  to  th&  descending 
node,  it  is  north  of  the  ecliptic  ;  and  while  it  passes  from  the 
descending  to  the  ascending  node,  it  is  south  of  iL 

All  these  phcnometm  indicate  that  the  planet  drx's  not  move  in 
the  plane  of  the  ecliptic  but  in  a  plane  inclined  to  it  at  a  certain 
angle.  This  angle  cannot  be  great,  since  the  planet  is  never 
obserred  Uy  depart  far  from  the  ecliptic.  With  a  few  exceptiona 
which  will  be  noticed  hereafter,  the  obliquity  of  the  planets'  orbita 
do  not  aniouint  to  more  than  7°. 

294-  T^B  xodiiu^ — Most  of  the  planets,  therefore,  not  departing 
more  than  about  8*  from  the  ecliptiCi  north  or  south,  th<?ir  motions 
are  limited  to  a  zone  of  the  heavens  bounded  by  two  parallels  to 
the  ecliptic  at  thia  distance^  north  and  south  of  it. 

29^.  To  deteiioiiiie  the  re^  diameter*  aad  voltuaet  of  tlie 
1)«dl««  itf  tbe  ■jstesa.  —  The  apparent  diameter  of  a  planet  at  a 
known  distance  being  obaervedj  the  real  diameter  may  be  computed 
by  niidtiplying  the  linear  yalue  of  I  "at  the  distance  of  the  object, 
by  its  apparent  diiunetcr  expressed  in  seconds  of  space. 

The  dislcs  of  the  inferior  planets  not  being  visible  at  inferior  con- 
junction when  their  dark  hemispheres  are  presented  to  the  earth,  and 
being  lost  m  the  effuli^^ence  of  the  sun  at  superior  conjunction,  can 
only  be  obsenod  between  their  greatest  elongation  and  superior 
conjunction,  when  they  appear  gibboua.  The  distance  of  the  planet 
froin  the  earth  is  computed  in  thia  position  by  knowing  the  distances 
of  the  planet  and  the  earth  from  the  sun,  and  the  angle  under  tho 
lines  drawn  from  the  sun  to  the  earth  and  planet,  which  can  always 
be  coniiputed.  This  distance  being  obtained,  the  linear  value  of  i " 
at  the  planet  being  multiplied  by  the  greatest  breadth  of  its  gibbous 
disk,  the  real  diameter  will  be  obtained. 

Observations  of  Vonua  are,  however,  occasionally  made  very 
near  to  superior  conjimctinn,  the  disk  of  tho  planet  being  at  the 
time  apparently  circidar,  but  of  limitt'd  magnitude,  owing  to  the 
comparatively  grcJit  distance  of  tbe  planet  from  the  earth. 

In  the  case  of  the  superior  plnnet^,  their  diameters  may  be  beat 
obtained  when  in  opposition,  because  then  they  appear  with  a  full 
disk,  and,  being  nearer  to  the  earth  than  at  any  other  elongatioUi 
have  the  greatest  possible  magnitude.  Their  distance  from  the  earth 
in  thia  position,  is  always  the  dilTerence  between  the  distances  of 
the  earth  and  planet  fi*om  the  sun. 
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When  the  real  diameters  are  fouiidj  the  volQuies  can  he  obtainc 
Bince  they  are  as  the  cubes  of  the  real  diameteTS. 

296.  Ketbodm  of  ddterxnlniBgr  tbe  iQiu«es  of  Uie  bodies  of 
tbe  ftolm*  ■ystem. —  The  work  of  the  aatronomer  is  hut  imperfectly 
performL'd  wlieo  ho  lut^  only  mentioned  the  difftAores  and  magni- 
tudej,  and  itscertained  thi?  motions  and  velocitiea,  of  the  great  bodies 
of  tbe  universe.  He  must  not  only  measure,,  but  weigh  the^e 
stupendona  maasea. 

The  masses  or  quantities  of  matter  in  bodice  apon  the  surface  of 
the  earth  are  estimated  and  compared  by  their  weights  —  that  18, 
by  tbe  inteasity  of  the  attraction  which  tlie  earth  exerts  upon  them. 
It  is  inferred  that  equal  quantities  of  matter  at  equal  di^itaDces 
from  the  centre  of  the  earth  are  attracted  by  equal  forces,  inasmuch 
as  all  massea,  (zreat  and  email,  fall  with  the «ainoTelot"ity  (M.  25 1). 

The  intensity  of  the  attraction  with  which  the  earth  thua  acta 
upon  a  body  at  any  griveo  distance  from  its  centre  depends  on  the 
mass  or  quantity  of  matter  compoeing  the  earth.  If  the  roa^s  of 
the  earth  were  suddenly  increased  in  any  propnaed  ratio;  the  weighta 
of  all  bodies  on  ita  surface^  or  at  any  given  distance  &om  its  centre, 
would  be  iocreaiaed  in  the  same  ratio,  and  in  like  manner,  if  ita 
maBB  were  diunnished,  the  weights  would  be  decreased  in  the  same 
ratio.  In  short,  the  weights  of  bodies  at  Any  given  distaitice  from 
the  earth>  centre  would  vary  with,  and  be  exactly  proportional  to, 
every  variation  in  the  niasa  of  the  earth. 

A  further  explMintiou  of  the  method  of  determining'  the  masses 
of  the  diflerent  bodies  of  the  Bolar  sj^stem,  will  be  found  in  the 
concluding  chapter  of  thia  volume. 

297.  To  dofennlne  tbe  Qiasaea  of  ftlamets  whJclt  tiBTO  no 
*at«llltea.^The  may&es  of  the  bodies  composing  the  golnr  eystem 
SJ»  meaaurcd,  and  compared  one  with  another,  by  ascertaining,  with 
the  nece?8iiry  precision,  any  similar  effects  of  their  attractions*  and 
allowing  for  the  eifecLs  of  the  difference  of  distances.  The  effects 
which  are  thus  taken  to  measure  the  masaea,  and  to  exhibit  their 
ratio  to  the  mass  of  the  sun  in  the  case  of  planets  attended  bv 
tsatdlites,  is  the  space  through  which  a  satellite  woidd  be  drawn  by 
its  primary,  and  the  space  through  which  a  planet  would  be  drawn 
in  the  same  time  by  the  eun.  These  spaces  indicate  the  actual 
forces  of  attraction  of  the  planet  upon  the  eatclHte  and  of  the  sun 
upon  tbe  planet^  and  when  the  effect  of  the  difTeronce  of  difstance  is 
allowed  for,  the  ratio  of  the  mass  of  the  planet  to  the  mass  of  the 
Bim  is  found. 

In  the  case  of  planets  not  attended  by  satellites,  the  effect  of 
their  gravitation  is  not  manifested  in  this  way*  and  there  is  no 
b<jdy  smaller  than  themselves,  and  sufficiently  near  them  to  exhibit 
the  same  easily  m&aaured  and  very  sensihle  eflecta  of  their  attrac- 
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tion,  and  hence  tliore  is  conaideraMe  difficulty,  and  some  imcfirtaiDty 
afl  to  their  exart  masses. 

298.  Miiu  of  Mars  estimated  "by  Its  attraction  n|ioi]  thm 
mmrtbk*  —  The  nearest  body  of  the  system  to  which  Mars  approm*hed 
is  the  Darth,  its  distance  from,  which  in  oppoaition  ia  nearly  fifty 
milliona  of  milR&j  or  half  the  distance  of  the  aarth  from  the  Bun, 
Now»  since  the  volume  of  Mars  i^  only  the  sixth  purt  of  that  of  the 
earth,  it  may  be  presumed  that,  whsite^ver  be  it«  densityj  its  ma^iB 
must  be  so  small  that  the  effect  of  its  attraction  on  the  earth  at  a 
distance  ao  great  mu&t  h©  very  minute,  and  thciDforo  difficult  to 
aacert^in  by  obseiration.  NeTertheless,  snjall  aa  the  effect  thiia 
produced  ifl,  it  ia  not  imperceptible,  and  a  certain  deviation  from  the 
path  it  would  follow,  if  th©  miiBa  of  Mara  wi^ra  not  thua  present, 
has  been  observed.  To  infer  from  this  deviation  the  masa  of  Mara 
is,  however^  a  problem  of  much  greater  complexity  than  the  deter- 
mination of  the  mass  of  a  planet  by  ohaerving  its  attraction  upon 
ita  satellite.  The  method  adopted  for  the  solution  of  the  problem 
li  a  Bort  of ''  trial  and  exTor/'  A  conjectural  raaaa  is  first  imputed 
to  Maia^and  the  dcvifttion  from  its  course  which  auch  a  mass  would 
cauae  in  the  orbital  motion  of  the  earth  is  computed,  IT  such 
deviation  ia  gi'eater  or  less  thtm  the  actual  deviation  obsenred,  an-  J 
other  conjectural  ma59,  p-reater  or  less  than  the  former,  ia  imputed  | 
to  the  planet,  and  another  computation  madt>  of  the  consequent  [ 
deviation,  which  will  come  nearer  to  the  true  deviation  than  th©  i 
former.  By  repeating  this  approximative  and  tentative  process  a  j 
mass  ia  at  length  found,  which,  boiu^  imputed  to  Mara,  would 
produce  the  observed  tloviation  j  and  thia  ia  accordingly  assumed  to 
he  the  true  mass  of  the  plaiiet. 

In  this  way  the  mass  of  Mara  haa  been  approjcimativoly  esti- 
mated to  be  about  the  eighth  part  of  the  mas^  of  the  earth. 

The  Bmallnesa  of  this  mass  compared  with  its  distance  from  the 
only  body  on  which  it  can  exert  a  sensible  attraction  will  explain 
the  difficulty  of  ascertaining  itj^  and  the  uncertainty  which  attends 
its  value, 

299.  Ma«B«a  of  Venua  and  M«rcarT'> — The  same  causes  of 
difficulty  and  uncertainty  do  not  affect  in  so  great  a  degree  the 
planet  YenuS;,  wbo^  mass  ia  aomowhat  leas  than  that  of  the 
earth,  and  which  moreover  comes  when  in  inferior  conjunction 
within  about  thirty  milliona  of  miles  of  the  earth.  The  effects  of 
the  attraction  of  the  mass  of  this  planetj,  upon  the  earth*fl  orbital 
motion  are  therefore  much  more  decided.  The  deviation  produced 
by  it^  ia  not  only  easily  observed  and  meai^ured,  hut  it  affects  in  a 
aensible  manner  the  position  of  the  plane  of  the  eartb*a  orbit.  By 
the  same  system  of  "trial  and  error,"  the  masH  of  this  planet  ia 
ascertained  to  be  an  eighth  less  than  that  of  the  earth. 
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The  difEctiltiee  attending  the  determination  of  the  mass  of  Mer- 

cttiy  are  atill  greater  tliaa  those  which  aftect  Mara,  and  its  true 

value  19  atill  very  nncertain.     Attempts  have  lately  been  made  ^o 

approximate  to  its  value,  by  obaening  the  eifecta  of  ita  attraction  on 

•      one  of  the  comet*. 

300.  Ketbods  of  detennlniiig'  tl&«  maaa  of  the  moon. — 
Owing"  to  it^  proximity  and  close  relation  to  the  earth,  and  the 
many  and  etrikiug"  pht^nonieoa  connected  with  it,  the  determination 
of  the  m&ss  of  the  moon  becomes  a  problem  of  consideralijle  import- 
tonce.  There  are  varioua  observable  eil^ts  of  lU  attraction  by 
which  the  ratio  of  ita  maaa  to  those  of  the  eim  or  earth  may  be 
computed. 

301.  1  at,  ay  nntatloii.  —  It  h«a  been  ahowu  that  the  attractions 
of  the  m&asea  of  the  sun  and  moon  upon  the  protubenmt  matter 
Burrounding  the  equfltor  of  the  teireBtrial  spheroid  produce  a 
regular  and  periodic  change  in  the  direction  of  the  axis  of  the  earth, 
aud  consequently  a  corre^iponding  change  in  the  apparent  place  of 
the  celestial  pole.  The  share  which  each  mass  has  in  the^  ef^ts 
being  ascertained,  their  relative  attractions  exerted  upon  the  redun- 
dant matter  at  the  terrestrial  e<[uator  is  foundjf  and  the  effect  of  the 
dlflerenc^  of  distance  being  allowed  for,  the  ratio  of  the  attracting 
masses  is  obtained. 

302.  2ndly.  My  the  tides.  —  It  has  also  be-en  shown  that,  by 
the  attractions  of  the  masses  of  the  sun  and  moon,  the  tides  of  the 
ocean  are  produced.  The  share  which  each  mass  hs^  in  the  pro- 
duction of  theae  effects  being  ascertained,  and  the  effect  of  tb« 
diflerenc«  of  digtance  being  allowed  for^  the  ratio  of  the  maasi 
the  sun  and  moon  is  obtained. 

303.  3r<(i]y.  Sy  th«  oonunim  centte  of  gravity  of  tbe  taoon 
ana  the  e(u^ta, — It  h^is  btxii  etated  that  the  centrt.^  yf  nttrrtction 
round  which  the  moon  moves  in  her  monthly  course  is  the  centre 
of  the  earth.  This  is  nearly^  but  not  eiacdy  true.  By  the  law  of 
gravitation  the  centre  of  attraction  is  not  the  centre  of  the  earth, 
but  the  centre  of  gravity  of  the  earth  and  moon,  that  is,  a  point 
whose  distance  from  the  centre  of  the  earth  baa  to  its  distaDce  from 
the  centre  of  the  moon  the  same  ratio  as  the  mass  of  the  moon  has  to 
the  mass  of  the  earth.  (M.  309.)  Amund  this  point,  wliich  is  within 
theaurfoce  of  the  earthy  both  the  earth  and  moon  revolve  in  a  month, 
the  point  in  question  being  always  between  their  centres.  If,  then, 
the  position  of  this  point  can  be  found,  the  ratio  of  its  distance! 
from  the  centrea  of  the  earth  and  moon  will  give  the  ratio  of  their 
masses. 

Now,  the  monthly  motion  of  the  earth  round  iuch  a  centre 
would  necessarily  produce  a  corresponding  apparent  monthly 
di^locement  of  the  sun,     Such  displocementj,  though  email  (not 
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amounting  to  more  than  &  few  secondB),  \a  neTertheleas  capable  of 
obAerTation  and  measurement  The  exncl  place  of  the  gun's  centre 
being  therefore  computed  on  the  suppoaition  of  the  absence  of  the 
mooxLf  and  compared  with  itd  observed  place,  the  motion  of  the 
earth *a  centre  and  the  pomtion  of  the  point  round  which  it  rerolres 
bna  been  detemuned;  and  the  relative  maasee  of  the  earth  and 
moon  thtu  found. 

304.  4thly.  My  terresmaJ  cravlty.  —  By  what  has  been  al- 
ready explained,  the  apace  through  which  the  moon  would  be  dniwu 
towards  the  earth  in  a  given  time  by  the  earth's  attraction  can  be 
determined.  Let  this  space  be  ezpresaed  by  s.  The  linear  velocity 
V  of  the  moon  in  its  orbit  can  also  be  determined^    Now,  if  r  be 

V* 

the  radius  of  the  orbit,  we  ahall  have  r  =  s- . 

We  find,  therefore,  the  radius  vector  of  the  moon's  orbit  by 
dividing  the  square  of  its  linear  velocity  by  twice  the  spiice  through 
which  it  would  fall  towards  the  earth  in  the  unit  of  time.  But 
this  radius  vector  is  the  distance  of  the  moon's  centre  from  the 
common  centre  of  ^rftvitv  of  the  earth  and  moon.  The  distance  of 
that  point,  therefore^  from  the  centre  of  the  earth,  and  con- 
sequently the  ratio  of  the  masses  of  the  earth  and  moon,  will  ha 
thus  found. 

All  theso  methods  give  resulta  in  ve^  near  accord oaee,  from 
which  iil  is  inferred  that  thti  mass  of  the  moon  la  not  less  than  the 
aeventy-fifth^  nor  greater  than  the  ninetieth  part  of  the  mass  of  the 
earth,  but  from  the  most  trustworthy  determinations  it  is  con- 
ludered  tu  he  about  the  eightieth  part  of  the  earth's  mass, 

305.  To  fleterailiie  tlie  nuiasea  of  tbe  aatelUtea* — I'he  same 
difKculties  which  attend  the  doteniiination  of  the  mosses  of  the 
planets  not  accompanied  by  satellites^  also  attend  the  determination 
of  the  masses  of  satellites  themsclvee,  and  the  same  methods 
vm  applicable  to  the  solution  of  the  problem.  The  masses  of  the 
flatellites  of  Jupiter  and  tho  other  superior  planets  are  ascertained  is 
relation  to  those  of  thuir  primaries  by  the  disturbing  effects  which 
they  produce  upon  the  motions  of  each  other. 

306.  ClaastflcKttoii  of  tbe  planets  in  tbree  sivtips — nrat 
ffToap  —  tbo  teirestrtal  ploset*. — Of  the  planets  hitherto  dia- 
covered,  three  which  present  iu  several  respects  remarkable  ana- 
logies to  the  earth,  and  whose  orbits  are  included  within  a  circle 
which  exceeds  the  earth^s  distance  £rom  the  sun  by  no  more  than 
one-half,  have  been  from  these  circumstances  denominated  TEitEEft- 
TRIAL  PLUTBTS.  Two  of  these,  Mercitrt  ond  Ymtvej  revolve 
within  the  orbit  of  the  earth ;  and  the  third,  Maes,  revolves  in  an 
orbit  outside  that  of  *he  earth,  its  distance  from  the  earth  when  in 
Opposition  being  only  half  the  earth's  distance  from  the  sun.    A 
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turw  pUaet,  wliieh  baa  receired  the  naane  of  VrxcAar, 
mKiwhem  ocfett  it  izicluded  within  tbmt  of  Mcscuzt,  must  be  ftdiied 

^idib  mfwiriiig  Uttle  lodi  than  four  times  the  earth^s  distance, 
§git  mutj  Bgea  after  mstroaomj  had  made  coosdenble 
the  temctrial  planeta  60m  the  more  remote  memben  of 
The  laboun  of  obfierrers  smce  the  beginsing  ol  the 
trjf  but  chieflj  emce  1 845,  have  tiUed  this  chasm  with 
ao  Itm  than  ninat)r-ooa  pJaoeta,  diatioguiahed  £rom  all  the  other 
bodiMof  the  tjretem  hj  their  extremelj  minate  magnitadea,  and  by 
the  cptmmatance  of  rerolTing  in  orbita  very  nearly  equaL  Theaa 
bodiea  hare  been  disttngidabed  by  the  name  of  jistkboids  or 
PI#4RT0U)fl|  the  Utter  being  preferable  as  the  most  characteristic 
and  appropriate. 

308.  Tlilrd  wTtfn.p — t&e  loajor  plaaeta.  —  Out^de  the  plane- 
toidif  and  at  enormoua  distanoes  from  iha  sun  and  Irom  each  otheTi 
rerolre  four  planeta  of  stupendoog  magnitude ->  named  Jm 
SATTBar,  UEAjrrs,  and  Neptuitx  i  the  two  former  being  risible  to  1 
naked  eye,  were  known  to  the  ancient* ;  the  two  latter  are  tel©» 
acopic^  and  were  discoTered  in  modem  tinier 
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TJIK  TEBIta^rtUAL  VLAKKTA. 

309.  Th«  aap|M>aed  new  Inferior  plaji«t» — The  supposed  new 
inferior  planet^  which  haa  received  the  name  of  VitlcaNj  is  beliere 
by  many,  from  suiGcient  proofs  having  been  given  by  the  discoverer^ 
to  be  in  reality  a  member  of  the  solar  eyatem.     Some  degree 
doubt,  however,  will  necewiarily  be  attached  to  the  existence 
thia  planet;  until  its  identity  be  eatabliahed  by  further  obaem 
tions. 

It  will  be  Biiffident  thorefore  here  to  state  that  on  the  26th  of 
March,  1859,  a  smali  dark  body  wiia  aeen  to  paaa  over  a  portion  of 
the  sun 'ft  disk  by  M,  Leacarbault,  a  physician  iit  Orgei-es  in  the 
depnrtment  Eur©  et  Loire,  France,  having;  every  appmnmce  of  being 
a  plaiiiet  J  who&e  orbit  would  he  included  within  that  of  Mtrcurv. 
From  Lis  observation  a,  which  were  registered  in  a  very  careful, 
though  homely,  manner,  as  well  aa  from  hie  replies  to  a  von  aevepo 
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croM-exami nation  hj  M.  Le  Vemer,  who  had  undertaken  to  prove 
the  truth  fulness  of  the  discovery^  that  aatrononier  was  convinced 
that  be  oug^ht  not  to  doubt  the  reality  of  the  ohaervation,  or  the 
good  faith  of  the  obaerver* 

From  the  observations  of  yi.  Leacarbmilt,  it  is  supposed  that  the 
distance  of  VuIcael  from  the  sua  m  ahout  fourteen  niilliuna  of  miles ; 
its  period  leaa  than  20  days;  the  inclioation  of  its  orbit  12  or  1 5 
degrees;  and  the  longitude  of  the  aacending  node  I  3  degrees. 

Thh  siispeet«l  planet  has  been  ajatematically  looked  for  at 
several  of  the  prioeipal  obaervatoriea,  at  tho»e  times  when  its 
orbit  would  have  been  projected  on  the  sun's  disk.  The  search^ 
however,  has  not  been  successfuL  M.  Liais^  an  observer  of  con- 
siderable prai-tice,  who  happened  to  be  eng-aged  in  the  obeervadon 
of  solar  pbenomenaj  at  Rio  Janeiro,  at  the  identical  moment 
of  M.  Lescarbft nit's  alleged  diacovery,  feela  certain  that  no  object 
of  a  planetary  nature  wad  vi.sible  at  that  particulftr  time.  It  ia 
iiow  considered  by  most  practical  astn^nomera  that  the  exijtanca  of 
thia  auppoaed  object  ia,  to  say  the  least,  very  doubtful 

IL  JIbrcxjkt. 

310.  Period. — If  we  except  Vulcan,  Mkecubt  U  the  neSPBtt 
pf  the  planets  to  the  sun,  and  that  which  completes  its  revolutioii 
in  the  shortest  interval  of  time. 

The  synodic  peritKi  of  this  planet,  determined  by  immediate  ob- 
servation, is  115-88  days.     Its  mean  sidereal  i>eriod  is  87*97  day*. 

If  the  earth's  period  be  expressed  by  i,  that  of  Mercury  will 
therefore  be  O' 2408. 

3, 1 1  ■  Ittean  and  vxtreme  d|Btaito«»  from  th<i  van  an<l  eartta* 
— The  excentrieity  of  the  orbit  of  Mert;ury  is  much  more  consider- 
able than  those  of  the  planets  generally,  being  a  little  more  than 
0205  6,  expressed  in  parts  of  the  mean  distance.  The  distanre  of 
the  planet  from  the  sun  is,  therefore,  subject  to  a  variation, 
amounting  to  so  much  as  a  iifth  part  of  its  mean  value,  iu  mean 
distance  being  about  3  5^  millions  of  miles*  The  greatest  and  least 
distances  from  the  sun  are,  therefore, 

42 1  millions  of  miles  in  aphelbti 
z8  „  „  perihelion* 

The  distance  is,  therefore,  subject  to  a  variation  in  the  ratio  of  5  to 
7  very  nearly. 

The  mean  distances  of  the  planet  from  the  earth  are,  therefore, 
56    millions  of  miles  at  inferior  conjunction 
1 26 J         ff  jf  superior  conjunction. 

These  distances  are  subject  to  an  increase  and  dimmutioo  of 
seven  and  one-third  millions  of  miles  due  to  the  eccentricity  of  the 
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orbit  of  the  plimet,  And  (me  million  tmd  A-haM  of  miles  due  to  tbe 
excentiicity  of  the  orbit  of  thti  earth. 

3IZ.  9re*test  elonffrntlon. — Owinj^  to  the  elliptic!^  of  the 
plfuiet's  orbit,  the  greatest  doDgatioQ  of  Merctuy  is  aufaject  to  aome 
yariation.    lis  metm  amount  is  zz°'^. 

315.  8cft]«  of  the  orbit  reiattTolar  to  tbAt  of  the  earttu  — 
Th«  orbit  of  Mf  ri-ury  luad  a  part  of  that  of  the  cartJi  are  exhibited  on 
their  proper  etrale  in^^,  5  5,  where  s  e  is  the  earth's  distance  from 
the  sim^  and  m  in"  tn  the  orbit  of  the  planet  The  lines  E  m"  drawn 
from  the  earth  touching  the  orbit  of  the  planet  determine  th<j 
positions  of  the  pinnet  when  its  eloniyation  ia  greftti»«*t  enat  and  we*t 
of  the  sun.  The  points  m  are  the  positions  of  the  planet  at 
inferior  and  superior  conjunction. 

314.  Apri^aireot  motloii  of  tbe  pla&«t.  —  The  effects  of  tli6 

combination  of  the  orbital  motions  of  the  planet  and  the  earth  upon 

the  apparent  place  of  the  planet  will  now  be  eaailj  coinprehended. 

Since  the  mean  value  of  the  frreatest  elongntion  m"  is=2zj**. 

the  arc  mm" ^67^"  and  therefore  m"  mm**^by^°  X  2=135". 

The  times  of  the  greatest  elonga- 
tions east  and  we^t  therefore  di%'ide 
the  whole  synodic  period  into  two 
vijn equal  parts,  in  one  of  which, 
that  from  the  greatest  elongation 
east  through  inferior  conjunction 
to  tlie  greatest  elongation  west, 
the  planet  gains  upon  the  earth 
I  3  5° ;  and  in  the  other^  that  from 
the  greatest  elongation  west, 
through  superior  conjunction  to 
the  greatest  elongation  east,  it 
gains  3  60°—  1 3  5  °—  2  2  5**,  Since 
the  parts  into  which  tb©  synodic 
period  is  thus  divided  are  propor- 
tional to  these  angles,,  tbey  will 
be  (talcing  the  synodic  period  in 
round  numbers  as  I  1 6  days)j 
i-'i-  ss- 


Hi 

360 

225 
3^ 


X    116  =  43^  days, 
X    116  =  72^  days. 


And  since  the  former  interval  is  divided  equally  by  th«  epoch  of 
inferior,  nnd  the  latter  by  the  epoch  of  superior,  conjunction,  it 
fallows,  that  tbe  intervals  between  inferior  con junctioa  and  greatest 
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elong-Ation  are  zi|  days,  ajid  the  inttin'ftl*  1>etweeii  superior  coo- 
junction  and  greatest  eiongatioti  are  36^  days* 

The  interval  between  tlie  times  at  which  the  planet  is  stationary, 
before  and  after  Inferior  conjunction,  is  subject  to  some  variatioDi 
owing  to  the  excentricitiea  of  the  orbits  both  of  the  planet  and  the 
earth,  but  chiefly  to  that  of  the  planet's  orbit,  which  is  considerable. 
If  its  moan  value  be  taken  at  22  days,  the  angle  gained  by  tho 
planet  on  the  earth  in  that  internal  being  68^'' *4,  the  angidar  distances 
of  the  points  at  which  the  planet  ia  stationary  from  inferior  con- 
junction as  seen  from  the  sun  would  be  34*" 2,  which  would 
correspond  to  an  elongation  of  about  2i°,  aa  seen  from  the  earth. 
This  n^nlt,  however,  ia  subject  to  very  great  variation,  owing  to 
the  excentricity  of  the  planet's  orbit  and  other  causes, 

5  ] ; .  Condltlona  wliloli  favour  tbe  ol>B«rrati9ii  of  ma 
lafartor  pluiet*^ These  conditions  are  threefold  :  1.  The  mag- 
nitude of  that  portion  of  the  enlightened  heniisphere  which  ia 
presented  to  the  earth-  2.  The  elongation.  3.  The  proximity  of 
the  planet  to  the  earth. 

Since  it  happens  that  the  positions  which  render  some  of  these 
conditions  most  favourable  render  others  less  so,  the  determination 
of  the  poBiiion  of  greatest  apparent  brigbtnesa  is  somewhat  compli- 
cated. When  the  planet  is  nearest  to  the  earth  its  dark  hemisphere 
ia  praeented  towards  us ;  besides  which,  being  ia  inferior  conjunction, 
it  rises  and  sets  with  the  sun,  and  is  only  present  in  the  day  time. 
At  small  elongations  in  the  inferior  part  of  the  orbit  its  distance 
from  the  earth  is  not  much  augmented,  but  it  is  still  overpowered 
by  the  sun's  light,  and  would  only  appear  as  a  thin  crescent  when 
it  would  be  possible  to  see  it*  At  the  greatest  elongation,  when 
it  is  halved,  it  is  most  removed  from  the  interference  of  the  sun, 
but  is  brightest  at  a  less  elongation,  even  though  it  moves  to  a 
greater  distance  from  the  earth,  since  it  gains  more  by  th©  increase 
of  iti  phase  than  it  loses  by  increased  distance  and  diminished 
elongation. 

Owing  to  the  very  limited  elongation  of  Mercury ^  that  planet, 
even  when  its  apparent  distance  from  the  sun  is  greatest,  sets  in  the 
evening  long  before  the  end  of  twilight;  and  when  it  rises  before 
the  sun,  the  latter  luminary  rises  so  soon  after  it  that  it  ia  never 
free  from  the  presence  of  so  much  solar  ligbtt  which  renders  it 
extremely  difficult  to  see  the  planet  with  the  naked  eye. 

In  these  latitudes  Mercury  is  therefore  only  occasionally  seen 
with  the  naked  eye.  It  ia  aaid  that  Copernicus  himself  never  saw 
this  planet,  a  cireuTOStaace  which,  however,  may  have  been  owing, 
in  a  great  degree,  to  the  unfavourable  climate  in  which  he  resided. 
In  lower  latitudes,  where  the  diurnal  paralleli  are  more  nearly 
vertical  and  the  atmosphere  less  clouded,  it  is  more  freijuently 
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VMiMe,  ALnd  there  it  is  more  conspicuoud,  owing  to  the  short 
duration  of  twiltg^ht, 

316.  Appgirent  dlttjaetoT  —  Ite  me&n  and  extreme  ▼4]ne«. 

-*-  Owing  to  the  variation  of  the  planet^B  diatance  from  the  earth, 
ita  apparent  diameter  l^  eubj  ert  to  a  correfipondiDg  change.  At  it^ 
greatest  distance  its  apparent  diameter  ia  4.^",  and  at  ita  least 
diatance  1 1 1",  its  value  at  the  raean  distanoe  being  61", 

The  apparent  diameter  of  the  moon  being  familiar  to  eveiy  ey« 
AUppliea  a  convement  and  instnictive  comparison  bj  which  the 
apparent  magnitudea  of  other  objects  maj  he  indicated,  and  wis 
shall  rtjfer  to  it  frequently  fbr  that  purpose.  The  disk  of  the  full 
moon  subtends  an  angle  of  1 800"  to  the  eye.  It  follows^  therefore, 
that  the  apparent  diameter  of  Mercury  whea  it  appears  as  a  thin 
crescent  near  inferior  conjunction  ia  ahout  the  1 50th  part,  near  the 
greatest  elongation  it  is  the  280th  part,  and  near  superior  con- 
junction the  400th  part  of  the  apparent  diameter  of  the  moon. 

517.  Real  dlmiiiet«r. — The  real  diameter  has  been  sssumed, 
from  some  recent  measures,  to  be  about  3058  miles. 

3 1 8.  Tolmiii«. — Asaiuning  that  the  diameter  of  Mercury  equals 

3058  miles,  it  follows  that  ita  volume  would  amount  to  about  the 

19th  part  of  that  of  the  earth. 

The  relative  volumes  are  represented  by  u  and  B,^.  56, 

5  ]  9.  ncaaa  and  denaity.— ^Some  un- 
certAinty  has  hitherto  attended  the  eal- 
niJation  of  the  denBity  and  mass  of  this 
planet,  owing  to  the  absenre  of  a  aatel- 
lite.  The  diaturhaneea  produced  by  it 
«pon  the  motion  of  Enclte's  comet  (a 
hody  which  will  h&  described  in  another 
chapter)  have,  however,  supplied  the 
means  of  a  closer  approximation  to  it.  By  tbis  means  it  has  been 
found  that  if  u^  express  the  miaBS  of  the  planet,  and  M  that  of  the 
earth;  we  shall  have 

Mf  _  too  . 
11-1545' 

00  that  the  mji88  i«  1 5^  times  lesa  than  that  of  the  earth. 

The  densi^  of  the  planet  relatively  to  that  of  the  earth,  deter* ^ 
mined  from  the  ahovej  would  equal  i  -zo.  Other  estimates  make 
it  1*12.  So  that  it  may  be  inferrtid  that  the  density  of  Mercury 
exceeds  that  of  the  earth  by  au  eighth  to  a  fifth;  this  i-esult  ia, 
however,  problematicaL 

320.  Svlar  llffht  and.  li«at.  — Tlie  apparent  magnitude  of  the 
Bim  is  greater  thmi  upon  tbe  earth^iu  the  same  ratio  as  the  distance 
i^iea».f  i^nd  owing  to  the  considerable  ellipticily  of  Mercury's  orhit| 
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it  hits  Rpparent  magnitudes  B<>n9ibly  difTerent  in  different  parts  of 
Mercuiy's  year.    The  appftrent  mean  diaujeter  of  the  sua  ae  aeen 
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from  the  eftrth  being  32'  4",  it'j  apparent  diameter  eecD  from 
Mercury  will  be  iu  perihelion  I04'''3,  in  ttphelion  68'7,  and  at 
me&D  di&t&nce  Si'g. 

Thus  thfi  appart^nt  diameter  when  least>  is  twice,  and  when 
greateat,  three  timesj  that  which  tb«  sun  appears  &om  the  earth 
when  at  its  mean  muguitude. 

In  j^<f,  57,  58,  the  rdative  apparent  niafjmitudes  of  the  aun,  aa 
seen  from,  tbe  eartb  and  from  Mercury,  at  the  mean  distance  and 
extreme  diiatancea,  are  represented  at  £,11,  M.%  and  M''^  If  £  be 
fluppooed  to  represent  the  app^irent  diak  of  the  sun  as  seen  from  the 
earth,  U  will  represent  it  as  it  appeam  to  Mercuij  at  tbe  mean 
distance,  m'  at  aphelion  and  m"  at  perihelion. 

Since  the  illuminating  and  heating  power  of  the  auti'a  TuySf 
whatever  be  the  physicyJ  condition  of  the  surface  of  the  planet, 
must  vary  in  the  same  proportion  aa  the  Rppnrtnt  area  of  the  sun'a 
diak,  it  follows,  thut  the  light  and  wannth  produced  hy  the  Bun  on 
the  giu-face  of  the  planet  will  be  greater  in  perihelion  than  in  aphe- 
lion. In  the  ratio  of  9  to  4,  and,  conBequently,  there  mu«t  he  a  sun- 
cefldion  of  eeaaonst  on  this  planet,  depending  exclusively  on  the 
ellipticity  of  the  orbit,  and  having^  no  relation  to  the  direction  of  ita 
ajtis  of  rotation  or  the  position  of  the  plane  of  its  equntor  with 
relation  to  that  of  tU  nrhit.  The  passage  of  the  pLmet  throu^di  its 
perihelion  mu8t  produce  a  Rummor,  and  ita  passage  through  aphe^ 
lion  a  winter,  the  mean  temperature  of  the  former,  eeUri*  parents, 
being  above  twice  that  of  th«  hitter. 

If  the  axis  of  the  planet  be  inclined  to  the  plane  of  its  orbit^ 
another  Bucceesion  of  HeHaone  will  he  produced,  dependent  on  such 
inclination  and  the  position  of  the  equinoxial  points.  If  these  points 
coincide  with  tbe  aphides  of  the  orbit,  the  aummera  and  winters 
arising  from  both  causes  will  either  respectively  coincide,  (}r  the 
Bummer  from  each  cause  will  coincide  with  tbe  winter  from  the 
other.  In  the  former  case  the  inten«itiea  of  tbe  seasons  and  their 
extreme  ten^pemtures  will  be  au^^ment'cd,  by  the  coincidence,  fuid 
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in  the  latter  they  will  be  mitigftt*?d,  tlie  summer  heat  from  each. 
CAuafl  tempering  the  winter  cold  from  the  other. 

If,  on  the  other  hand,,  the  line  of  apsides  be  at  right  angles  to 
the  direction  of  the  eq»iinoiea,  the  «unjmer  aod  winter  from  each 
cAUfie  will  corres3K)nd  with  the  fpring  and  auttmm  from  the  other, 
and  a  curious  and  complicated  BUCcesaioQ  of  Aeftsooa  mu«t  ensue, 
dopending  on  the  degree  of  oMiquitj  of  the  axis  of  the  planet. 
compared  with  the  effects  of  the  exeentricity  of  its  orbit. 

In  comparing  the  e&loritic  influence  of  the  sun  on  Mcrcunr  and 
the  earth,  it  mxist  be  remernbL'red  that  the  actual  t^^niperatnre  pro- 
duced by  the  solar  rays,  depends  on  the  density  of  the  atniospher© 
through  which  they  pass,  by  which  the  heat  is  collwteil  and 
diffused.  The  density  of  the  euu'a  raya  aboAe  the  anow-line  in  the 
tropica  ia  as  great  as  at  the  level  of  the  sea.,  but  the  temperatures  of 
the  air  and  surrounding  objecta  arc  eitreinely  different.  Nntwdth- 
standing,  therefore,  the  greater  density  of  the  solar  rays,  the  atmo- 
spheric conditioua  of  the  planet  may  b«  such  that  the  superficial 
temperature  may  not  be  different  fn)m  that  of  the  earth. 

The  intensity  of  the  solar  light  must  be  greater  than  at  the  earth 
in  the  ratio  of  four  to  one  when  the  planet  is  in  aphelion,  and  nine 
to  one  when  in  perihelion.  Its  effects  on  vision,  however*  may  be 
rendered  the  same  by  the  mere  adaptation  of  the  contractile  power 
of  the  pupil  of  the  eye.     (0.  362.) 

321.  Ketbod  of  Asoertatnlnff  the  dlnnial  rotatloii  of  tti« 
plSLoeta.  —  One  of  the  most  inttr^rtfating  objects  of  telescopic  inquiry 
regarding  the  (.-unditiuu  of  the  planutti  hf  the  qiiostton  ua  to  their 
diurnal  rotation.  In  general,  the  manner  in  which  we  eihould  seek 
to  ascertain  this  fact  would  be,  by  examining  with  powerful  tele- 
BOOpes  the  marks  observable  upon  the  disk  of  the  planet.  If  the 
planet  reTolve  upon  an  axis,  these  marks,  hom^  carried  round  with 
it,  would  appear  to  move  across  the  di&k,  from  one  side  to  the  other ; 
they  would  disappear  on  one  f*ide,  and,  remaining  for  a  time 
invisible,  would  reappear  ou  the  other,  passing,  as  before,  across  the 
Yisibie  disk.  Let  any  one  stand  at  a  distftuce  from  a  common  ter- 
restrial globe,  and  let  it  be  made  to  revolve  upon  its  axis  :  the  spec 
tator  will  see  the  geographical  marks  delmeated  on  it,  pass 
the  hemisphere  which  is  turned  towards  him.  They  will 
cessivcly  disappear  and  reappear.  The  same  et!t?cts  must,  of  cou 
he  expected  to  be  seen  upon  the  several  planets,  if  they  have 
motion  of  potation  resembling  the  diurnal  motion  of  our  globe. 

322.  mflcnltT'  of  tliAs  itneatloii  In  tli«  ease  ofMerontT. — 
This  is  &  species  of  observation  which  has  not  yet  been  succeaafully 
made  in  the  case  of  Mercury.  Sir  John  Ilerschel,  who  has  enjoyed 
more  than  common  advantages  for  telescopic  observation  under  dif- 
ferent climates,  affirms,  that  little  more  can  be  certainly  affirmed  of 
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Heictuj  than  that  it  Ls  globular  in  form,  and  exMbit^  pb&aeBj  and  that 
it  IB  too  smAl]  &nd  too  much  lo^t  in  the  constant  and  clofie  effulgence 
of  the  eun  to  allow  the  further  diacovery  of  ita  physical  condition. 
Other  obaerveis,  however,  claim  the  diacoTery  of  indicatioos  not 
only  of  rotation  but  other  phyeical  diaractetB.  Schroter  Bays,  that 
hy  examioing  daily  the  appearance  of  the  cuapa  of  the  crtiscent,  he 
lia("ertained  that  it  baa  a  motion  of  rotation  in  54**  5"  28*, 

323,  AJler^d  dlao«>T«rr  of  monntalna. — The  same  obaenrer 
clainij  the  discovery  of  mountains  on  Mercuiy,  and  even  aaaigns 
their  height,  eatimadng  one  at  z 1 32  yards,  and  another  at  1 8^97 S 

These  ohserrationfl,  not  having  been  confLrmed,  must  be  con- 
iidwed  apocrypbd. 

m.  VBinia. 

324-  ^efHod.—Tbe  next  planet  proceeding  outwards  from  the 
eun  ia  Venua^  which  revolves  in  an  orbit  within  that  of  the  eartb, 
and  which,  after  the  sun  and  moon,  it  the  moat  splendid  object  ia 
the  firniament. 

The  synodic  period,  ascertained  by  observation,  ih  5  84  days.  Her 
mean  sidei^al  period  deduced  &om  this  is^  therefore,  225  days. 

By  other  methods  it  it  more  exactly  determined  to  be  2247 
days. 

If  the  earth's  period  be  taken  as  the  unit,  that  of  Venue  will, 
therefore,  be  06 1 1  j. 

32^.  laean  aad  extf«rm«  dlstftuoea  IVom  tli«  aun  mmd 
•artb.  —  The  diatanoea  of  Venus  from  the  earth  at  inleriof  von- 
j unction,  greatest  elongatiou,  and  superior  coDJ unction,  are  about 

251,296,000  miles  at  inferior  conjunction, 
6z, 500,000  miHes  at  greatest  elongation, 
157,564,000  miles  at  superior  oonj  miction. 

The  excentricity  of  its  orbit  being  less  than  0007,  theae  diatanoec 
from  the  earth  are  subject  to  very  little  variation  from  that  cause. 
The  extreme  distance  of  the  planet  from  the  sun  is 

65^  millions  of  miles  in  perihelion,  and 
66^  „  „  aphelion. 

The  distances  of  Venua  from  the  earth  ore  subject  therefore  to  an 
increOBe  and  diminutinn,,  amounting  to  balf  a  million  of  milea,  due 
to  the  excentrici^  of  the  planet^s  orbit,  and  one  and  a  half  million 
of  miles  due  to  that  of  the  earth's  orbit. 

326.  Or«atest  ei^iifmtloii. — The  mean  amount  of  the  greatest 
elongation  of  Venus  has  been  found  by  observation  to  bo  about  45*' 
or46^ 


i 


200 


ASTRONOMY. 


327.  BoAle  of  tlie  orbit  relattvo  to  tbat  of  tlie  oartli.  —  Tlie 
reUtioo  of  the  orbit  of  Veniis  to  Che  earth  is  represented  in^ff.  59, 
where  8  E  represf  ota  the  earth's  diFtiince  from  the  sun,,  and  vs  v  th« 
iD&ut  diiun<!ter  of  the  plruiet's  orbit  od  the  same  ecala  The  angled 
B  E  »" represent  the  greatest  elongation  of  the  planet,  "which  is  about 
^6**.  The  leaser  elon^'Ktions  t'""  E  8  are  thiwe  at  whirh  the  planet 
appears  with  less  than  a  full  disk,  or  gibbous,  as  at  i/'*j  or  aa  a 
crescent^  U8  at  v\ 

328.  Apiiareut  motion.— Since  the  mean  value  of  the  greatest 
elong;ation  is  u&eertained  to  be  46'*,  the  ang^le  at  the  bud,  v"  8  e  =* 
44*,  and  coDsequeatly  the  aoj^le  r/'  8  r",  iocluded  between  the 
greatest  elongatioos  east  mid  west^  is  88^.  Since  the  lime  taken 
by  the  planet  to  gam  this  angle  upon  the  earth  hears  the  same  ratio 
to  the  synodic  period  ba  this  anj^le  bears  to  360°^  the  intervals  into 
which  thegjTiodic  period  is  divided  by  the  epc^chs  of  greatest  elon- 
gation^ are 


ii 
360   ^ 

272   ^ 
360 


584  =  142'g  days. 
584  =  441  *i  dayb. 


The  intenids  between  inferior  conjunction  and  greatest  elonga- 
tion are  therefore  71^  day^  and  the  intervals  betweea  miperior 

ennj  unction  and  j^reateet  ekm* 
gation  are  220|  days. 

329.  atationa  and  retro- 
fTe»alon.— Fin  1111  a  t-onipari- 
«(m  of  the  orbitid  DiotioncJ  and 
dij^tineea  of  the  earth  and 
planet,  it  is  found  that  the 
epoehs  at  which  it  is  statiouaiy 
HI  e  nboiit  twentyHiue  d}*Ts  be- 
ft»re  and  /ifter inffrior  conjunc- 
tion. Now,  mncf  the  f»Ianet 
prtins  0°  '6 125  per  day  upon  the 
I'iirlh,  tbi^  interval  correeponds 
tti  an  anifle  of  12°  9  nt  the 
tiiui,  which  coiTospouda  to  an 
elongation  of  about  2  5^  or  26^ 

The  arc  of  retrogreasion  is 
little  leas  than  a  degree* 

330.  Conditions  whleli 
favour  tbo  obsorratlon  of  Venas, —  This  phmet  presents  itself 
to  the  observer  under  conditious  in  many  re*»pecta  more  favourable 
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for  teleeccipic  exuminfttion  ihsm  Mercury*  The  actud  diameter 
of  Veuua  h  more  thMi  twice  that  of  Mercury,  It  npprcuicljea 
uearer  to  the  earth  in  the  inferior  pjurt  of  its  orbit  in  the  ratio  of 
I  3  to  30.  It  elongates  itself  from  the  sun  to  tho  distiince  of  46*'t 
while  the  eloogRtion  of  Mercuiy  Ia  liinited  to  2J^°'.  Tlie  latter  is 
never  setn,  nxcept  in  strong"  twilight  Venus,  especially  in  the 
lc»wer  latitudes,  is  seen  at  a  consiilemble  eleyation  long  after  the 
ces^tion  of  evening  and  before  the  comm*?ncement  of  morning 
twilight,  aiid  when  sUo  bus  a  gibbous  or  a  crescent  phase.  The 
planet  ftppeare  brightest  when  ita  elongati<m  ia  about  40"  in  the 
ftuperior  part  of  her  orbit 

331.  Hvenlng-  and  momlnir  star.  —  l»nclf«r  aoA  BeiperuA. 
—  This  planet  l\ir  thtso  rea&iDS  i&,  next  to  the  sun  and  moon,  tho 
moftt  C4)aBpicuous  and  beautiful  object  ijo  the  finnanieDt.  When  it 
has  western  elongation,  it  risea  before  the  sun,  and  ia  called  the 
HORNING  STAR,  "VVlion  it  hfls  eostom  elongation,  it  sets  after  the 
Sim,  and  is  culled  the  EVEKiNa  star. 

The  ancients  gave  it  in  the  former  position,  the  name  of  LcciTER 
(the  harbinger  of  day),  and  in  the  latter  that  of  Hesperus. 

332.  Apparent  diameter.  —  Owing  to  the  great  difference 
between  ita  distance  tmm  the  earth  at  inferior  and  enperinf 
(x>nj unctions,  the  apparent  diameter  of  this  planet  varies  in  magni- 
tude within  wide  liniita.  At  superior  conjunction  it  is  only  ]  o", 
from  which  ta  inferior  conjiuietion  it  graduallv  enlarges  until  it 
becomes  61'",  and  in  some  p^ieitions  even  so  much  as  76".  At  its 
gi'eatest  elongation  its  apparent  diameter  is  about  2$'%  and  &t  ita 
mean  distance  16^". 

^^^.  Dlfflcutltlet  attendlar  tlie  tele««dple  otiiservatioti  «>f 
Venutf.  —  ^Jotwithstandi^g  this,  the  greatest  ditficullies  have 
ftltended  the  telescopic  observation  of  this  planet  when  any  special 
accuracy  is  required.  Its  intense  lustre  dazzles  the  eye,  and  ag- 
gravates all  the  optical  imperfections  of  the  instrim^ent.  In  some 
cases,  however,  the  image  of  the  planet  is  improved  and  the  great 
lustre  destroyed,  if  a  slightly  green-coloured  glass  be  placed  before 
the  eye-glass  of  the  telescope,  in  a  similar  manner  as  darkened 
glasses  are  used  for  observations  of  the  sun, 

The  low  altitudes  at  which  the  obsen'ations  are  generally  made, 
constitute  another  difficulty,  the  bregular  eflects  of  refraction 
interfering  materially  with  the  appearance.  Some  observers  have 
consequently  contended  that  the  best  position  for  observations 
upon  it,  ia  near  superior  conjunction,  when  its  phase  is  full,  and 
when  by  proper  expedients  it  may  be  observed  at  midday  within 
a  few  degrees  of  the  sun's  disk. 

The  planetcan,  however,  be  favourably  observed  with  amoderately 
good  telescope,  about  the  time  of  greatest  dongatioo^  dm-ing  any 
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part  of  the  day  within  the  limitH  of  three  houra  before  and  aTter 
the  meridian  passage,  by  taking  the  pTecautton  of  using-  the  Bii^htly 
coloured  glass  previously  mentiooed. 

334.  Keal  dtaxQet«r.  —  The  linear  value  of  i"  at  Venua,  when 
Bh«  appears  aa  a  ihin  crescent  near  her  inferior  conjunction,  is 
1216  miles.  At  thb  distant  her  apparont  diameter  is  61" ;  and 
her  real  dtamet«r  about  7510  milea.  The  magmlude  of  Venus  k, 
therefore,  nearly  equal  to  that  of  the  earth, 

335.  BCftM  and  deaaltr- — By  the  methods  already  explained, 
it  ha&  been  aiur^jrtained  that  the  maaa  of  Venue  is  le»9  thim  that 
of  the  earth  in  the  ratio  of  89  to  1 00 ;  and  as  the  voluraea  are 
nearly  et^ual,  their  detiaities  are  also  nearly  equal. 

336.  Iliipeniclal  pimvltT-.  —  All  the  conditions  which  affect 
the  gravity  of  bcwliea  on  the  surface  of  Venus  being  the  same,  or 
nearly  sq,  an  those  which  affect  bodies  on  the  earth,  the  superMcial 
gravity  is  nearly  the  same. 

357-  Solar  llfbt  aoil  boat.  — The  density  of  the  solar  rays  is 
greater  ihao  iipun  the  earth  in  the  itiverw  rRtio  of  the  sqnares  of 
the  numbers  7  and  10.  which  expresa  their  distances  firom  the  sun.. 
The  intensity  is^  therefore,  greater  at  Venus  in  the  mlio  of  2  to  1. 
The  relative  apparent  niaguitudea  of  the  eun*fl  disk  at  Venus  and 
the  earth  are  represeoted  at  v  and  'B,Jiff.  60.    Owing  to  the  very 

small  excentricity  of  the  orbit, 
this  magnitude  is  not  subject 
to  any  vorj' sensiljl G  variation. 
338.  Itotatloa  —  pro- 
bable jnonntnijia*  —  Al- 
though there  is  very  little 
doubt  of  the  fact  that  this  planet  has  a  diurnal  mtation  analogous 
to  that  of  the  earth,  the  obsen-ations  which  might  have  been  ex- 
pected to  demonstrate  it  in  a  satisfactorj'  manner  have  boen 
obstnicted  by  the  causes  already  noticed  (333).  Nevertheless 
Caasini,  in  the  ijthcentary,  and  Schroter  towards  the  close  of 
the  1  8th,  with  instnimenta  very  inferior  to  the  telescopes  of  the 
present  day,  deduced  from  the  phases  a  period  of  rrjtation  in 
comiplete  accordance  with  the  results  of  the  most  recent  obser- 
rations. 

Tbe«e  astronomers  found  that  the  points  of  the  homs  of  the 
crescent  observed  between  inferior  conjunction  and  greatest 
elongation,  appeared  at  certain  moments  to  lose  their  sharpness^  and 
to  become  as  it  were  blunted.  This  appearance  was,  however,  of 
very  short  duration,  the  horn  after  some  minutes  always  recovering 
it8  sharpness.  Such  an  effect  would  obviously  bo  product  by  a 
iocal  irregularity  of  surface  on  the  planet^  such  as  a  lofty  mountain 
which  would  throw  &  long  shadow  over  that  part  of  the  aurfac* 


Fi|.6o. 


THE  TERRESTRL\L  PLANETS. —\^ENTJS. 


whicb  would  form  the  point  of  tbe  bora.  Now,  admitting  tbis  to 
he  the  cAuse  of  the  phenomenon,  it  oii^ht  to  be  reproduced  by  the 
same  mountaia  at  equal  tntorvals*  this  inten'al  being  the  time  of 
rotation  of  the  planet.  Such  a  periodical  recurrence  woa  uccord- 
inirfr  ascertained. 

359.  Oba«nratloDS  of  Cftislxil»  Seraobel,  &iid  Bijlirotar. — 
From  such  observadona  the  elder  Cassini*  »>  enriy  ns  1 667,  inferred 
the  tim.e  of  rotatioa  of  the  planet  ti>  be  2^^  16™,  a  perirKl  not  very 
different  from  that  of  the  earth.  Soon  after  this,  Biiiiitbini,  an 
Itidiati  ftfltrtmomer^  published  11  series  of  iH'bservationj  tending  t<> 
call  in  doubt  the  result  ohiained  by  Cassim,  and  showing  a  period 
of  576  hours.  Sir  William  Ilersehel  resumed  the  subject,  aided 
by  his  powerful  telescopes,  in  1780,  but  without  arriving  at  any 
aatisfactorr  result,  except  the  fact  that  the  planet  in  invewted  with 
a  very  dense  atniraphere.  He  found  the  cuaps  (contrary  to  the 
observatirtna  of  Caaaini,  and*  aa  wo  shall  aee,  of  more  recent  a«tro- 
Homers)  always  sharp^  and  free  from  irregularitiea.  Schroter  made 
a  series  of  most  elaborato  observations  on  this  planet,  with  a  view 
to  the  determination  of  its  rotation.  He  considered  not  only  that 
he  saw  periodical  changes  in  the  form  of  the  points  of  the  horns, 
but  alao  spots,  which  had  sufficient  pennnn en cy  to  supply  suitlsfactory 
indications  of  rotation.  Emm  such  observations  be  inferred  the 
time  of  rotation  to  be  23**  il"  7*'98.  From  observations  upon 
the  boras,  he  inferred  also  that  the  eoutbera  hemisphere  of  the 
planet  was  more  mountainous  than  the  northern ;  and  he  attempted 
fhim  observations  on  the  blimtnesR  periodically  produced  on  the 
flouthem  point  of  the  crescent,  to  estimate  the  height  of  some  of  the 
mountainsj  which  he  inferred  to  amount  to  the  almost  incredible 
altitude  of  twenty-two  miles. 

340.  OUaervaUoDS  of  imiK.  8«i»r  and  Mmdl^r,  —  Time  of 
rotatloiu  — Although  the  estimate  of  the  planet's  rotation  resulting 
from  the  observations  of  Schroter,  corroborating  those  of  Caasini, 
has  been  generally  accepted  by  the  arientiflc  world,  the  question  was 
not  regarded  as  definitively  settled ;  and  a  series  of  ohservations  was 
made  by  MM.  Beer  and  Miidler,  between  1833  and  1836,  which 
went  far  to  confirm  the  concluaiona  of  Cassini  and  Scbniter  ;  and 
the  still  more  recent  observations  of  De  Vico  at  Eome  may  be 
considered  as  removing  all  doubt  that  the  period  of  the  planet'a 
rotation  does  notvory  much  from  2  3|^ 

341.  Beer  mma  KaOler^*  dlBfrnms  of  Vonoa.  —  In  ^ff.  61, 
are  represented  a  series  of  eighteen  diagrams  of  the  planet^  selected 
from  a  much  greater  number  made  by  MM.  Beer  and  Miidler  at  the 
dates  indicated  above.  These  drawings  were  taken  when  the 
planet  wa.<*  approaching  inferior  conjunction,  the  planet  being 
cbaerred  either  before  vucaet  or  during  twilight. 
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If  the  surfftcc  of  the  plnnet  were  exempt  from  consiikrablo 
ijie<iimlitie»,  the  concnve  ed^^e  oi'  th<i  crcstcnt  would  be  a  Bcneible 
ellipse,  subject  to  no  otht-r  deik'ieni'V  of  purfec't  rey^btrity  itnd 
sharpneea,  tMive  sucli  as  might  be  uxphdaod  by  the  gi'adual  fain  terse 
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f)f  Dlumination  due  to  the  atmoaphere  of  Venua.  The  mere 
inspection  of  the  diagrams  ia  enoii|2:h  to  show  that  such  is  not  the 
jippe/miiice  of  the  ditjk.  Irregidunties  of  cun  ftture  and  of  the  forma 
of  the  cusps  are  apparent,  which  can  onlj  arise  from  eonvspontling' 
irreffitlarities  of  the  aurface  of  the  plane L  If  the  want  of  sharpness 
in  the  horna  of  the  orescent  furoae  from  any  elfect  produced  by  the 
terreHtiial  atmosphere  on  the  optit-al  image  of  the  disk  it  would 
equally  aflect  both  cusps.  Several  of  the  diagrams,  for  example 
Jiffg,  If  2^  3,,  7,  8j  1 5,  17,  are  at  variance  with  sueb  an  hypothesis, 
the  cusps  being  ohviousJiy  difierent  m  form. 

In  corroboration  of  tlj©  observations  of  Sebroter,  it  was  ascer- 
tained that  the  southern  cusp  was  subject  to  greater  and  more 
frequent  changes  of  form  than  the  northern,  from  which  it  was 
inferred  that  the  southern  hemisphere  of  the  pl&net  is  the  more 
mouiitainou£L.  It  is  remarkable  that  the  same  character  is  found 
to  prevail  on  the  moon. 

It  was  not  only  observed  that  the  irregidaritiea  of  the  concftve 
edge  of  the  crescent  were  eubject  to  a  chang^e  visible  froro  5*"  to 
5",  but  that  the  same  forms  were  reproduced  after  an  interval 
of  23i*,  subject  to  an  error  not  exceeding  from  5  to  lo  minutes. 

342.  More  recent  obserratloiu  of  He  Vice.— M.  De  Vieo, 
obeerving  at  a  still  later  date  at  Itome,  favoured  by  the  clear  sky 
of  Italy,  made  several  thouiJaiid  measurements  of  the  plntiiet  in  its 
phages,  the  general  jresult  of  wMch  is  in  sucli  complete  accordance 


THE  TERRESTRIAL  PLAXETS.— VENUS.       205 

with  tbcee  of  MM,  Beer  and  Madler,  that  the  fact  of  the  plimet's 
rotatioa  may  be  now  regm'dGd  &a  aRLttafitctorily  demoustrated,  wnd 
that  its  period  does  not  diifer  much  from  23"  i  5"** 

343.  Btreotlon  of  tb«  axis  of  rotatloii  nsmaoertalned. —  If 
«uch  difficidties  have  attended  the  mere  determination  of  tko 
Tot&tioB,  it  will  be  easily  conceived  that  those  which  have  ftt- 
teiided  the  attempts  to  a-scertain  the  direatioo  of  thtj  axis  of 
rotation  have  been  much  more  insuTDiountablo.  The  ohsetrations 
above  described,  by  which  the  rotation  has  been  fistahliahed, 
Bupplj  110  ground  by  which  the  direction  of  the  axia  could  bei 
flucertained.  No  spot  haiS  been  seetit  the  direction  of  whose  motion 
could  indicate  that  of  the  axis.  It  waa  conjectured,  with  littlo 
probability,  by  some  obseirers,  that  the  axis  was  mclrned  tii  the 
orbit  at  the  angle  of  75".  Thia  conjecture,  however,  has  not  been 
confirmed. 

344.  TwiUifflit  on  Venn*  and  MerenfT** —  The  exiatence  of 
an  extetiaive  twilijCfht  iu  them*  phinets  haa  been  weO  aacertained. 
By  obierviiig  the  concave  edge  of  the  crescent  which  corresponda 
to  the  boundary  of  the  illuminated  and  dark  hemispheres,  it  ia 
found  that  the  enlightened  portion  does  not  terminate  auddenlj, 
but  there  is  a  gradual  fading  away  of  the  light  into  the  darkness, 
produced  by  the  hand  of  atmosphere  illuminated  by  the  sun  whicli 
overhangs  a.  part  of  the  dark  hemisphevG,  and  produce*  upon  it  the 
phenomena  of  twilight. 

Some  oh&ervera  have  aeen  on  the  dark  hemisphere  of  the  planet 
Venus  a  faint  reddish  and  greyish  light,  yisihle  on  parts  too  distant 
from  the  Uluminated  hemisphere  to  be  produced  by  the  light  of 
the  sun.  It  was  conjectured  that  these  effects  are  indications  of 
the  play  of  some  atmospheric  phenomena  in  thia  planet  similar  to 
the  fmrora  boreaUt. 

It  may  be  stated  generally,  that  bo  far  m  relatea  to  the  physical 
condition  of  the  inferior  planeta^  the  whole  extent  of  our  certain 
kBOwledge  of  them  is,  that  they  are  globe«  like  the  earth,  illu- 
minated and  warmed  by  the  sun ;  that  they  are  inreated  with 
fttmospherea  probably  more  denae  than  that  of  the  earth ;  and  9.ince 
observations  render  probable  the  existeiice  of  va.st  mosaea  of  clouds 
on  Venufl,  if  not  on  Mercury,  analogy  justifies  the  inference  that 
liquids  exist  on  these  planets, 

345.  Spberoldal  form  oaaaoertalned  ^atiai^eoted  smtelllte. 
—  One  of  the  pht'iiomena  fmm  which  the  rotation,  as  well  (la  the 
direction  of  the  axis,  might  be  inferred,  is  the  spheroidal  form  of 
the  planet.  To  ascertain  thia  by  observations  of  tbo  disk,  it  would 
be  necessary  to  see  the  planet  with  a  full  phase.  But  when  the 
inferior  planets  havetbat  phase,  they  are  near  superior  conjunction, 
and  therefore  loat  in  the  aolar  %ht.    It  haa  been  neverthelesa 
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contended,  that  when  Veniis  is  moat  remote  from  her  nodOi  she  ifl 
aufficiently  removal  from  the  plane  of  the  ecliptic  to  be  obMTFod 
with  a  good  tele.^cope  at  noon  when  in  Biiperior  conjunction.  No 
observAtion^  howeTer,  of  this  kind  haa  ever  yet  been  mAde^  and  the 
fctphepoidal  form  of  the  planet  ia  unaacertained, 

This  planet  wiia  ohsened  with  the  tranflit-cirde  at  the  Royal 
Obeervatory,  Greeawich,  on  the  19th  of  Febmary,  1858,  when 
very  near  euperior  conjunction,  the  interval  of  time  between  the 
pauagee  of  the  planet  and  sun  over  the  meridian  being  lefis  than 
iix  minutea.     The  image  of  Venus  wa«,  however,  very  tremulous. 

Several  observera  of  the  laat  two  centuries  concurred  in  main- 
twning  that  they  had  seen  a  satellite  of  Venua.  Cassini,  the  elder, 
imagined  he  saw  such  a  body  near  the  planet  on  the  25th  of 
Jfuiuaiy,  1 672,  and  aprain  nn  the  27th  of  August,  1 686  ;  Short,  the 
well-known  optical  instrument  maker,  on  the  3rd  of  November, 
1740;  Montoi^e,  the  French  ftBtronomer,  in  MaVj^  1761  ;  several 
obeervera  in  March,  1764,  all  agree  in  reporting-  nb&ervationa  of 
such  a  body.  In  each  case  the  phase  waa  similar  to  that  of  Vejiiis, 
Jind  the  apparent  diameter  about  a  fourth  of  that  of  the  phuiet  By 
collectiDg  these  observ'Btiona,  Lambert  computed  the  orbit  of  the 
supposed  satellite. 

In  opposition  to  all  this,  it  may  be  stated  tliat  notwithstanding 
the  immenpe  improvement  in  optical  iaetrumente,  and  especially 
in  the  construction  of  telescopes  of  power  fax  surpassing  any  of 
which  the  observere  before  the  present  century  were  in  pooession, 
no  iracA  of  such  a  Inidy  has  been  detected,  although  obaervers  have 
increased  in  number,  activity,  and  vigilsjice,  in  a  proportion 
greater  still  than  that  of  the  improvement  of  telescopes.  It  must, 
therefore,  be  concluded,  at  least  for  the  present,  that  the  suppoii«ed 
appearances  recorded  by  former  observei's  were  illusive. 

IV.  Mahs. 

346.  Fosltlon  in  tb«  aystem*^ — Proceeding  outwards  from  the 
Ptm,  the  next  planet  in  the  order  of  distance  is  the  earth.  The 
next  in  succession  is  Mabs^  whose  orbit  circumscribes  that  of  the 
earth. 

347.  W9Tio<iL —  The  synodic  period  of  Mars  is  found  by  obfterra- 
tioD  to  be  780  days,  and  the  sidereal  period  68698  days. 

The  earth's  period  being  taken  a«  the  tmitj  the  period  of  Mars 
will  therefore  be  I -88 1. 

348.  Xeut  4ilatAii««  from  tlie  siiB,  —  The  mean  diatAxice  of 
Mars  from  the  eim  is  1  5237^  that  of  the  earth  being  unity ;  or  in 
round  numbers  about  ]  39  millions  of  miles. 
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•nn  And  eortli, —  The  exceDtricity  of  the  orhit  of  Mara  bemg 
abiut  0093 3,  ^^  diBUace  from  the  sun  is  subject  to  a  variatitm, 
the  extreme  amount  of  which  ia  leas  than  one-tenth  of  its  mean 
value.     The  extreme  distancea  are                                                              ^h 
I  $2  j  miUiona  of  miles  in  aphelion^                                  ^H 
1 26;^  millions  of  miles  in  perihelion.                                  ^^m 

It  appears,  therefore,  that  the  mean  distances  of  the  planet  from         ^j 
the  earth  ure                                                                                           ^H 

In  opposition     -        -      47 1  millions  of  milea,                        ^^M 
In  conjunction  -        -     230^  millions  of  milea,                       ^H 
In  quadiature  -        -     I04    miUiona  of  niilea,                       ^^% 

These  diatances  are  suhject  to  vftriation,  whose  extreme  limit        ^J 
ifl  abuut  1 5  milliona  of  miles,  owin^  to  the  combined  effect*  of  the        ^^t 
excentricitiea  of  the  two  orbita.     Althnuph  the  mean  diatance  of        ^B 
the  planet  in  opposition  from  the  earth  is  about  half  the  distance 
of  the  flun,  it  tuny  in  certain  positions  of  the  orbit  comfj  within  a 
distance  of  3  5  hundredths  of  the  aim's  distance.    In  the  opposition 
which  took  place  in  September,  1830,  the  distance  of  the  planet 
WBfl  only  38  hundredths  of  the  sun's  mean  distance. 

350.  S«ale  or  orlilt  nlatiTetr  to  tUmt  of  tbe  eartb.—  If  s, 
Jiff,  62,  represent  the   position  of  the  siin,  and  a  m  the  distance  of 

Mars,  tbe  orhit  of  the  earth  will  be  represented  by  E  e'V'e'. 

351.  IftlTlaloii  of  tbe 

amodlo  period.  — The 
earth    Ib    at    e"'   when 
Mars  is  in  conjuuption:, 
at  E'when  in  q^uadrntim* 
west  of  the  «iiii,   at  e 
when  in  opposition,  nnd 
at  E"  when  in  quadrature 
east  of  the  sun. 

The  ang^le  of  elonpa* 
tion    8  E'  M   bein^   go°, 
and  the  mean  value  of 
B  M  being  15 2,  that  of 
s  e'  beings  exprefwed  by 
r,  it   follows  that  the 
angle  e'bk  will  be  about 
48%  and  therefore  e'se'' 
=  180^-48^=132°. 

Ssince  the  synodic  pe- 
riod  is   780   days,   the 

1 

' 

mean  time  between  qua- 
drature   and  opposition 
wUlbe 

>>N.  ^. 

J 
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X   780  —  104  daYBj 


imd  the  mean  time  between  quadrature  and  nonj  unction  will  be 

i31   X   780  —  286  days, 
360 

352.  Apparent  motlaa.  —The  Tftrious  changes  of  the  apparent 
positions  of  the  planet  and  sun  dnrinfa:  the  synmlic  period  may, 
thert'fore,  be  easily  explained.  At  conjunction  the  earth  being  at 
t/'%  the  plfinet  and  sun  pass  the  meridian  together.  In  thia  case, 
the  planet  being  above  the  horizon  only  during^  the  day,  ia  not 
vifiiblt).  After  eocj  unction ji  the  planet  passes  the  meridmn  in  the 
forenoon,  and  is  therefore  visible  above  the  eastern  horizon  before 
fiimnse.  Before  conjunction  it  pssaea  the  meridian  in  the  after- 
nf>on,  and  ia  therefore  visible  above  the  western  homon  after 
sunset. 

At  the  time  of  the  western  quadrature,  the  earth  being-  at  e',  the 
planet  pa^^ea  the  meridian  about  6  a.m.,  and  at  the  time  of  westem 
quadrature,  the  earth  being  at  e",  it  paaaea  the  meridian  about  6  p.m. 
The  planet  has  these  positions  about  286  daya,  more  or  less,  after 
and  before  ita  conjunction. 

At  the  time  of  opposition^  the  earth  being  at  E,  the  planet  paasea 
the  meridian  at  midnight ;  and  is  tberefore  above  the  horizon  from 
sunset  till  sunrise.  Before  opposition  it  passes  the  meridian  before 
midnight,  and  is  above  ^e  horizon  chiefly  during  the  later  part  of 
the  night,  and  after  oppiiaition  it  passes  the  meridian  after  mid- 
nighty  and  is  therefore  above  the  horizon  crhiefly  during  the  earlier 
part  of  the  night. 

The  iDter\al  during  which  it  is  visible  more  or  less  in  the 
absence  of  the  sun,  being:  that  during  which  it  parses  from  westem 
to  eastern  quadrature  through  oppfjaition  i/*,  in  the  case  of  JIars, 
Z08  days. 

553.  Btatioiu  and  Tetrosre>Bloii.— The  elongations  at  which 
Han  ifl  stationary,  and  the  lengths  of  his  arc  of  retrogpession,  vaiy 
to  Bome  extent  with  the  distances  of  the  planet  from  the  sun  and 
earth,  which  distances  dt-pend  on  the  elJipticity  of  the  two  orbits, 
and  the  direction  of  their  major  axes.  In  1 860,  Mars  was  in 
opposition  on  the  17th  of  July,  and  was  stationary  on  the  l7tb  of 
June  and  1 8th  of  August.     The  right  ascension  on  these  daya  waa, 

tythofJime    .    h.Al.         :=;  20''  i^"'49* 

1 8th  of  August     R.!..         =  19    27    19 

Dilferenoe     ^  46    30 


It  follows^  therefore,  that  the  extent  of  retrogression  in 
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aacenaion  at  this  opposition  was  ^d"  30*,  which  reducuxi  to  ADgular 
magnitude  is  n'^  37'  30". 

354.  Fbaaeft.^At  opposition  and  conjimction  the  same  hemi- 
aphere  heitig  turned  to  the  earth  and  sun,  the  plant^t  appi^ars  with 
A  fidl  phafle.  In  all  other  pisitiona  the  lines  drawn  from  the  planet 
to  the  earth  and  sun,  making  with  each  other  an  acut©  &n^\e  o( 
greater  or  leas  magnitude,  the  pha^e  will  be  deficient  of  complete 
fulness,  and  the  planet  will  be  gibbous,  more  so  the  nearer  it  is  to 
its  quadrature,  in  whieh  p>sition  the  lines  drawn  to  th*j  earth  and 
flun  mako  the  greatest  posaihie  anfrle,  which  being  the  complement 
of  e'  s  yttjiff.  62,  will  be  90°— 48^=42°.  Of  the  entire  hemisphere 
presented  to  the  earthy  138*^  will  therefore  bo  enlightened  and  42^ 
dark.  The  eorresponding^  form  of  the  disk,  as  can  easily  be  deduced 
from  the  common  principles  of  projectioDt  will  be  that  which  is  re- 
preaenled  in^^,  63,  the  dark  part  being  indicated  by  the  dotted  line. 

The  gihboaitj  will  bo  less,  the  nearer  the  planet  approachea  to 
oppoRtioD  or  conjunction. 

355.  Ai»parent  and  real  diameter. — ^Tlje  apparent  diameter 
of  Mars  in  opposition  varies  between  rather  wide  liniit^,  in  conse- 
quence of  the  variation  of  its  distance  from  the  earth  in  that 
position,  arising^  from  the  causes  explained  above.  li\Tien  at  ita 
mean  diatince  at  opposition  the  apparent 

magnitude  does  not  exceed  16",  and  at  con- 
junction it  ia reduced  to  3"''7. 

In  1830,  soon  after  opposition,  when  ita 
distance  from  the  earth  was  38*4  milliona 
of  miles,  it  exhibited  a  diameter  of  23!" ; 
the  linear  value  of  i'''  at  that  distance  being 
1857  miles,  which  gives  for  the  real  diameter 
4363  miles. 

3)6.  Solar  llfflat  and  beat.  — The  mean 
distance  of  the  earth   from  the  sun  beings 
les«  than  that  of  Mars  in  the  ratio  of  10  to  i  5,  the  apparent  dia- 
meter of  the  sun  as  seen  from  Mara  will  be  less  than  its  diameter 
MA  seen  firom  the  earth  in  the  same  ratio.     If  Rfjt^.  64,  represent 
the  apparent  disk  of  the 
sun    as    seen    from    the 
earth,   K   will  represent 
ita  apparent  disk  as  seen 
from  Mars. 

Since    the    density   of 
the   Bol^r  radiation  de-  |.,^  ^ 

creases  as  the  square  of 

the  distance  increEBes^  its  denaity  at  Mara  will  be  loaa  than  ftt  tha 
earth  in  the  ratio  of  4  to  9. 

p 
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So  far  as  the  illiLtDinatui^  and  heating  powers  of  the  solar  rays 
depend  on  their  deiwity,  they  will,  therefore,  be  !eaa  in  the  same 
proportion. 

357,  notation. — There  is  no  body  of  the  solar  Bjstem,  the 
moon  done  excepted,  which  has  been  submitttMi  to  Buch  rigoroua 
and  sueresaftU  telescopic  exAiiiinatioti  as  Mam,  Its  proximity 
t<^  the  earth  in  opposition,  when  it  ia  seen  on  the  meridian  at 
midiiig^ht  with  a  fiill  phase,  affbrda  ^at  facility  for  this  kind  of 
observation. 

By  observing'  the  permanent  lineaments  of  light  and  shade 
txhibited  by  the  disk,  its  rotation  on  it«  axia  can  be  distinctly 
seen,  and  baa  been  ascertained  to  take  j>lace  in  i^."  37*  23V 
the  axia  on  which  it  ruvfdvfcs  appearing  to  be  inclined  to  the 
plane  of  the  planet's  orbit  nt  an  angle  of  aS"*  27'.  The  exact 
direction  of  the  axis  is,  however,  still  subject  to  some  oncer* 
tainty. 

358.  Bay*  and  nirbtc,  —  It  tkm  appears  that  the  days  and 
nighta  in  Mara  ai-e  neiirly  the  same  as  on  the  earth,  that  the  year 
is  diveraiiied  by  seasoaB^  and  the  surface  of  the  planet  by  zones 
and  climates  not  very  ditlerent  from  those  which  prevail  on  our 
globe.  The  tropics,  instead  of  being  23"  28',  are  28°  27'  from 
the  equator,  and  the  polar  cirrles  nre  in  the  same  proportion  more 
extended, 

559.  8«aaons  aod  cUmatei*— The  year  consists  of  668  Mar- 
tial dayfl  and  1 6  hotir^,  the  Mnrtial  bein^  longer  than  the  teirrestriftl 
day  in  the  ratio  of  100  to  97. 

Owing  to  the  excentricity  of  the  planet's  orbit,  the  summer  on  the 
northern  heniiMpher©  is  Bhorter  than  on  the  Ponthflns  in  the  ratio  of 
100  to  79,  but  owing  to  the  greater  proximity  of  the  sun,  the 
intensity  of  its  light  and  heat  during  the  ehcirter  northern  summer 
is  greater  than  during  the  longer  southern  summer  in  the  ratio  of 
145  to  100.  From  the  same  causes,  tlm  longer  nnrtheni  winter 
is  leas  inclemejit  than  the  shorter  southern  winter  in  the  same 
proportion. 

There  is  thut  a  complete  compeneation  in  both  s43adODs  in  tha 
two  hemispheres. 

The  duration  of  the  seasozis  in  Martial  days  in  the  northern 
hemisphere  is  as  follows : — spring  192,  smumer  1 80,  autumn  i  ^o, 
winter  147. 

360.  OI>a«rvati4»na  and  researelMs  of  Messrs*  Meor  and 
MJidler* —  It  is  mainly  to  the  perse^^ering  Ubours  of  these  eminent 
oberrvers  that  we  are  indebted  for  all  the  physical  infonuatitm  wo 
pos^ras  rt-sppcting  the  condition  of  tlie  surface  of  this  planet. 
Their  obserrations,  Cfjmraenced  at  an  early  epoch,  were  regularly 
organised  at  the  time  of  the  tvppusitioQ  of  1830^  with  a  view  to 
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ascertam  with  cert&inty  and  precision  the  time  of  rotation  of  the 
planet,  the  position  of  ita  axis,  and,  »a  far  aa  might  be  practicable, 
a  Burvey  of  its  surface.  These  observations  have  been  euntinued 
during  every  aucceeding^  opposition,  in  which  the  planet  having 
northern  declination  rose  to  a  sufficient  altitude,  and  was  made 
visible  by  a  telescope  by  P'TAimhofer  of  foiur  and  a  half  feet  focal 
lonjrth,  parallftctically  mounted,  and  moved  by  cWkvrork,  80  a«  to 
keep  the  planet  in  the  field  of  Tiew  notwithstanding^  the  diuroHl 
motion  of  the  earth. 

361.  Ar«oirraptii«  eharACter. — That  many  of  the  lineanienta 
obseiTed  are  art'ojjruphie,  and  not  atmospheric,  is  established  be- 
yond all  contestation  by  their  permanency,  They  are  not  (dwaya 
risible,  ajid  when  visible  not  always  equally  distinct;  but  are 
observed  to  retain  the  same  fornix,  no  matter  how  distant  may  be 
the  intervala  at  which  they  may  be  submitted  to  examination. 
The  elaborate  researches  and  observationa  of  >LM.  Be«Tan<l  Madler, 
which  commenced  with  the  opposition  of  1 830,  were  continued 
with  uoweiiried  assiduity  in  every  succeediug-  opposition  of  the 
planet  for  tivelve  years,  so  far  aa  die  varjing  declination  and  the 
state  of  the  weather  at  the  epochs  of  the  oppositions  permitted. 
The  same  tipots,  charflcteri«ed  by  the  same  forms,  and  the  same 
varieties  of  light  andl  shade,  were  seen  agidn  and  again  in  each 
succeeding  opposition.  Changes  of  appearance  were  manileat,  but 
through  those  <^hanges  the  permanent  features  of  the  planet  were 
always  diacemed  j  ju^  as  the  seaa  and  continents  of  the  earth  may 
be  imagined  to  bo  diatinguiahable  through  the  occaaionol  openiugv 
in  the  clouds  of  our  atmosphere  by  a  telescopic  observer  stationed 
on  Mans. 

362.  Telescopic  vie wm  of  IkCaurs— ^ttreoffra-phlo  oliarta  of  ttte 
two  bendaplieres. —  A  large  collection  of  dra^vings  of  the  various 
hemispheres  of  Mars  presented  to  the  observer  has  been  made  by 
MM,  Beer  and  Mattler.     Thirty-five  were  made  during  the  oppo- 

,  eition  of  1830,  upwards  of  thirty  during  that  of  1837,  and  forty 
during  that  of  184],  from  a  compariaon  of  which,  charts  were 
made,  ahowing  the  permanent  areographio  lineaments  of  the 
northern  and  southern  hemispheres,  • 

In  Plate  XYII,  we  have  given  six  inevrs,  selected  from  thos6 
of  Bear  and  Miidler,  with  the  dates  Bubjoined.  In  Plate  XA^III, 
are  given  the  areographic  charts  of  the  two  hemispheres.  It  will 
be  observed,  tliat  aa  each  spot  approaches  the  edge  of  the  disk,  its 
apparent  form  id  modified  by  the  elfect  of  foreshorte ning^  owing  to 
the  obliquity  of  the  surface  r»f  the  planet  to  the  visual  ray. 

565.  Folor  snow  obaerved.^^ — All  the  lineaments  exhibited  in 
these  djavrings  were  found  to  be  permanent,  except  the  remarkable 
white  spots  which  cover  the  polar  regions.    These  circular  arena 
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preaented  the  appearance  of  i*  dazzlinp"  wliitenoss,  anil  one  of  them 
was  80  exriftly  defined  and  so  sharjjiy  temimated,  tbat  it  seemed 
liktt  the  fidl  disk  of  a  smiill  and  very  briUiaut  planet  projected 
upon  the  di^k,  and  near  the  ed^  of  a  larger  and  darker  one.  The 
appeftr&ficse,  position,  and  ch&nge^  of  theae  white  polar  spots  have 
•uggeated  to  oil  the  obfleirera  who  have  witnea&ed  them,  the  sup- 
position that  they  pn>ceed  from  the  polar  snows  accumnlatod 
during^  the  long  winter,  and  which,  during  the  eiq^nally  protracted 
Bummer  by  exposims  to  the  aolar  rays,  more  full  by  j'^  than  at  the 
poles  of  the  eiwth,  are  partially  diisolved^  so  that  the  diameter  of 
the  auow  circle  is  diminished. 

The  increaae  and  diminution  of  this  white  circle  takes  place  at 
epochs  and  in  positions  of  the  axis  of  the  planet  eueh  as  ore  ia 
complete  accnrdftnco  with  thia  supponition. 

J  64.  Position  of  oTeofraplilo  mertdlicuu  dotertplned*  —  The 
leg  and  foot-shaped  spot  marked  p  n  in  the  southern  hemigphere, 
waa  diatinctly  seen  and  delineated  in  aU  the  oppositions.  This  was 
one  of  the  spots  from  the  app^*ent  muLiou  of  which  the  time  of  rota- 
tion waa  deduced. 

The  spot  a  m  the  southern  hemiephere  connected  with  a  laige 
adjacent  epot  by  a  sinuous  line,  was  also  one  nf  those  whose  poai- 
tion  wan  most  satisfactorily  ©3tabliBht>d.  This  spot  waa  selected,  as 
the  observatory  of  Greenwich  has  been  upon  the  eiurth,  to  mark  the 
meridian  from  which  longitudes  are  reckoned. 

The  spot  e/hf  chiefly  situate  in  the  southern,  but  projecting  into 
the  northern  hemisphere,  between  the  goth  and  105th  degrees  of 
lon^tude,  wa*  also  well  ohaerved  on  repeated  oct^asiona. 

According  to  Madler,  the  reddish  parts  of  the  disk  are  chiefly 
those  which  correspond  to  ^0°  long,  and  I  5"  lat,  S. 

The  two  concentric  dotted  circles  marked  round  the  south  pole, 
indicate  the  limits  of  the  white  polar  spot  as  seen  on  different  occa- 
siotiB  in  1S30  and  183 7.  The  retlness  of  this  planet  is  much  more 
remarkable  to  the  naked  eye  than  when  viewed  with  the  telescope. 
In  some  cases,  during  the  observations  of  MM.  Beer  and  Madler,no 
redness  was  discoverable,  and  when  it  was  perceived  it  was  so  faint 
that  different  obaein^era  at  the  same  moment  were  not  agreed  as  to 
itfl  existence.  It  was  found  that  the  prevailing  colour  of  the  apota 
was  generally  yeUow  rather  than  red. 

Independently  of  any  effect  which  could  be  ascribed  to  projection 
or  foFCfihortening,  it  was  found  that  the  liueamenta  were  always 
seen  with  much  greater  distinctness  near  the  centre  of  the  disk 
than  towards  it«  bonlers.  This  is  precisely  the  effect  which  might 
bo  expected  from  a  dense  atmosphere  surrounding  the  planet 

36$.  PoaaiMft  aateUlt«  of  Muv,  —  Analogy  natorally  suggesia 
the  probability  that  the  planet  Mars  raight  hare  a  nuxtn.     Tbedd 


THE    PLANETOIDS. 


213 


flttendants  Appear  tn  be  supplied  to  the  planeta  in  aiigrociiited 
uumbers  as  they  recede  from  the  sun  ;  and  if  this  analogy  were 
complete,  it  would  justify  the  inference  that  Mara  must  at  least  have 
one,  being^  more  remote  from  the  sun  than  the  earth,  which  is  sup- 
plied with  It  Butellite,  No  moon  haa  ever  been  discovered  in  con- 
nection with  Mrts.  It  has,  however,  been  contended  that  we  are 
not  therefore  to  conclude  that  the  planet  ia  destitute  of  such  an 
appendage  ;  for  aa  all  secondary  planets  are  much  less  than  their 
prinifiriea,  and  aa  Mars  m  hy  far  the  amallest  of  the  superior  planeta, 
ita  satellite,  if  euch  exii«ted,  must  be  ejitremely  amalL  The  second 
satellite  of  Jupiter  is  only  the  forty-third  part  of  the  diameter  of  the 
planet ;  and  a  satellite  which  would  only  be  the  ftirty-third  part  of 
ihe  diameter  of  Mars,  would  be  under  one  hundred  inilea  in  dia- 
meter. Such  an  object  could  scarcely  be  discovered  even  by  power- 
ful telescopea,  especiaUy  if  it  do  not  recede  far  from  the  diak  of  tho 
planet. 

The  fact  that  one  of  the  Batellitea  of  Saturn  has  been  discovered 
only  within  thelaal  few  years,  renders  it  not  altogether  improbable 
that  a  Mttellite  of  Mara  may  yet  he  discovered. 


CHAPTER  XV, 


THS  FLAKXTOIDa. 

366.  A  -vuewat  place  ia  tbe  plauetarr-  kerlet.  —  At  a  very 
early  epoch  in  the  pri^p-eas  of  ajstronoiiiy  it  was  obaen'^ed  that  tha 
progression  of  the  diatancea  of  the  planets  from  the  etm  was  cha- 
racterieed  by  a  remarkable  numei-icftl  harmony,  in  which  neverthe- 
less a  breach  of  continuity  existed  beti.veen  Mars  and  Jupiter. 
This  arithmetical  progression  was  first  loosely  noticed  by  Kepler, 
but  it  waa  not  until  towards  the  close  of  the  last  century,  that  the 
more  exact  condition  a  of  the  law  and  the  close  degree  of  approxi- 
mation with  which  it  was  fultUled,  with  the  exception  just  notioed^ 
waa  fuUy  explained. 

Thb  numerical  relation  prevails  between  the  distancea  of  the 
Bucceesive  orbits  of  tbe  other  planets  measured  from  that  of  the 
planet  Mercury,  It  was  obi^erved  that  puch  distancea  formed  very 
nearly  a  series  in  duple  projfreaeion,  so  that  each  diBtance  is  twice 
the  preceding^  one,  with  the  solo  exception  already  mentioned* 
Althouo^h  this  law  is  not  fulfilled,  like  those  of  Kepler,  with  nume- 
rical precision,  there  is  ueverthelesa  so  striking  an  approximation  to 
it,  as  to  produce  a  strong  impie9«<ion  that  it  must  be  founded  upon 
tome  pliysical  canae,  and  not  merely  accidental     To  show  the  near 
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ttpproiimation  to  the  exact  fulfilment  of  this  law,  we  hinre  pli 
in  tliG  foUawin^  inblc*  the  anecosaion  of  calculated  tii9tanc<«  from 
Jlereiuy^s  orbit,  which  will  exactly  fultil  the  law,  in  juitapoflition 
with  the  actuiil  tiistances  of  the  planets,  the  earth's  distance  from 
the  aim  being  the  unit 


C^^.^V^^^ 

MmMiry. 

as?  :     :     :     : 

Mara        -           ,            ,           . 

AHi«itit  plttnet     -           .          « 
Jupitrr    .           .           -           - 
Saturn      .... 
Ur»(nu    .           -           -           . 

0-6714 

if  11 

r.jg 

♦1157 

By  compujing  these  numbers,  it  will  be  apparent  that  altbougrli 
the  succession  of  distances  does  not  correspond  precisely  with  a 
uumerieal  eeriea  in  duple  progreBsion,  there  is  nevertheless  a  certain 
approach  to  such  a  series,  and  at  all  events,  &  gkring  breach  of 
continuity  between  Mars  and  Jupiter. 

Towards  the  cJose  of  the  last  century,  Professor  Bode,  of  Berlin, 
revived  this  question  of  a  deficient  planet,  and  ^ve  the  numerical 
progression  which  indicated  its  absence  in  the  form  in  which  it  has 
just  been  atated ;  and  an  association  of  astronomers  was  fonned 
UDder  the  auspices  of  the  celebrated  Baron  de  Zach,  of  Gotha,  fgr 
the  express  purpose  of  organising  and  prosecuting  a  course  of  obser- 
vation, with  the  epecial  purpose  of  searching  for  the  supposed 
undiscovered  member  of  the  solar  system.  The  ver>'  remaikahle 
results  which  have  followed  this  meiwtire,  the  consequences  of  which 
have  not  even  yet  been  fully  developed,  will  presently  be  ap- 
parent 

367.  SUcovex7  of  Ceres.  0^On  the  1st  of  JanimrT,  1801, 
bebg  the  tj  rat  dny  of  the  present  century,  Professor  Piazzi,  obser\-ing 
in  the  iiue  serene  sky  of  Palermo^  noticed  a  small  object  of  about 
the  7th  or  8th  maguitiide  which  was  not  rcj^^stered  id  the  cata- 
logues of  stars,  On  the  night  of  the  2nd,  on  again  observing  it, 
he  found  tliat  its  position  relative  to  the  siirroimding  stars  was 
sensibly  changred.  The  object  appearing^  to  be  invested  vt-ith  a  ne- 
buloofl  haze,  was  first  couBidered  a  comet,  and  M,  Piazsri  announced 
it  as  such  to  the  scientific  world.  An  approximate  orbit  being 
however  computed  by  Professor  Gauss,  of  Giittingen,  it  w«i*  found  to 
have  a  period  of  1652  day  a,  and  a  mean  distance  from  the  ami  ex- 
pressed by  2735,  that  of  the  earth  l>eing  1* 

By  comparing  this  distance  with  that  given  in  the  preceding  table, 
at  which  a  planet  was  pro-Huraed  to  he  abs^-nt,  it  will  be  seen  that 
the  object  thus  discovered  filled  the  place  with  striking  arithmetical 
prechioiu 
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PiAizi  gave  to  thk  new  raemlwr  of  the  system  the  name  Ceses. 

The  eidetH^ol  periodn  and  meao  distances  from  the  huh  of  the 
planetoids,  determined  from  the  moat  recent  elementa,  will  be 
foLLnd  in  the  concluding-  cbflpter. 

368.  BiADoverr  af  PaUas.  0^Soob  after  the  discovery  of 
Ceres  the  planet  passing  iiit>  conjunction  ceased  to  be  visible.  In 
searching  fur  it  afier  emerging  from  th«  sun's  rayj*,  in  March  1802^ 
Di.  Olbcra  noticed  on  the  28th  a  small  star  in  the  constellation  of 
Vii^,  at  a  plac4)  which  he  had  examined  in  the  two  preceding 
months,  and  where  he  knew  that  no  such  object  was  yA<?«  apparent 
It  Appeared  as  a  star  of  about  the  seventh  magnitude,  the  smallest 
which  is  visible  without  a  telescope.  In  the  course  of  a  few  hours  he 
fuund  lis  position  visibly  changed  in  relation  to  the  aunounding stare. 
In  fact  the  object  proved  to  he  another  planet  heiuing  a  Btrikittff 
analogy  to  Ceres,  and  what  was  then  totally  unprecedented  in  the 
system,  moving  in  an  orhit  at  very  nearly  the  same  mean  distance 
from  the  sun,  and  having  therefore  nearly  the  aame  period* 

Dr.  Olhers  called  this  planet  PiLr^a. 

The  magnitude  of  Pallaa  when  in  that  portion  of  its  orbit  where 
its  distance  from  tlie  earth  is  the  greatest,  is  very  minute ;  and  is 
only  visible  with  the  assistance  of  telescopes  fumiahed  ^ith  object- 
glosses  of  ron5id<Tnhle  Gperturt', 

569.  Olbers'  bjpottaeslA  of  a  f)ra«tiired  pUuiet,^ — This  cir* 
cumstance,  combined  with  the  exceptional  miuutene^  of  these  two 
planeti,  suggested  to  Olbers  the  startling,  and  then,  as  it  must  have 
appenjied,  extravagantly  iniprobablo  hypothesiH,  that  a  single  planet 
of  the  ordinary  magnilude  existed  fi>mierly  at  the  distance  indi« 
cated  by  Bode'a  analogy,  —  that  it  was  broken  into  small  fragments 
either  by  internal  explosion  from  some  cause  analogoua  to  volcanic 
action,  or  by  collision  with  a  Ci>niet, — that  Ceres  and  Pallas  were 
two  of  its  fragments,  and  that  it  was  very  likely  that  many  other 
fragments,  smaller  still,  were  revolving  in  sunUar  orbits,  many  of 
which  naght  reward  the  labour  of  future  (tbeeners  who  might  direct 
their  attention  to  theso  regions  of  the  finnamont. 

In  auppoit  of  this  curious  conjecture  it  waa  urged  that  in  the  case 
of  such  a  catastrophe  as  waa  involved  in  the  suppoaition,  the 
fragments,  according  to  the  established  laws  of  physics^  would  ne- 
cessarily contimie  to  revolve  in  orbita  not  differing  much  in  their 
mean  distances  from  that  of  the  original  planet  j  that  the  obliquities 
of  the  orbits  to  each  other  and  to  that  of  the  original  planet  might 
be  subject  to  a  wider  limit ;  that  the  excentricities  might  also  have 
exceptional  magnitudes ;  and,  finally,  tliat  such  bodies  might  be 
expected  to  have  magnitudes  so  indefinitely  minute  as  to  be  out  of 
ftU  analogy  or  comparisfm,  not  only  with  the  other  primaij  planets, 
but  eren  with  tlie  Bmalieat  of  the  secondaiy  one& 
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Ceres  and  Pallas  both  w6t«  bo  email  as  to  elude  till  attempts  to 
eetamate  their  dinmeters,  Teal  or  apppireiit.  They  appeared  like 
steUar  points  isith  no  appreciable  disk,  Ijiit  surrounded  with  a 
nebulous  huziuesw,  which  would  have  rendered  very  imcertain  any 
mPRsurement  of  im  obji-et  &ri  luimite.  Sir  W,  Herfichol  thought 
thftt  TalliLH  did  not  exceed  75  miles  in  diamet-er.  Others  have 
aduiitted  that  it  might  measure  a  few  hundred  miles,  Ceres  is 
stiO  HTuuller.  Some  of  the  most  minute  of  these  bodies  whieh  have 
beeu  more  recently  discovered,  are  supposed  to  be  oolya  few  miles 
in  diameter. 

The  obliquity  of  the  orbit  of  Cerea  to  the  plane  of  the  ecliptic  is 
above  10^°  and  thwt  of  Fallas  more  than  34^*.  Both  planets 
therefore,  when  iiio!*t  ivmote  from  the  ecliptic,  pom  far  heyond  the 
limits  of  the  xudiuc,  and  differ  in  oltliquity  from  each  other  by 
a  quantity  far  exceeding  the  entire  inclinatioa  of  auy  of  the  older 
planets. 

It  was  further  observed  by  Dr.  Olbers,  that  at  a  point  near  the 
descending^  node  of  Ptdlaa  the  orbits  of  the  two  planets  very  nearly 
coincided. 

Thus  it  appeared  that  all  the  conditions  which  rendered  these 
bodies  exceptiona],  and  in  which  they  difl'ered  from  the  other 
members  of  the  scdar  system,  were  precisely  those  which  were 
consistent  with  the  hy|)othesis  of  their  orig:in  advanced  bv  Dr. 
Olbers. 

370.  SUcovery  of  Tooo.  © — A  year  and  a  half  elapsed  bcfo 
JUiy  further  di&coverv  was  produced  to  favour  this  hypothesis. 
Meanwhile  observers  did  not  relax  th*^ir2eal  and  their  laboun?,  and  on 
the  I  st  of  September,  1804,  at  ten  o'clock  P,  M.,  Professor  Harding^ 
of  Lilienthal,  Germany,  discovered  another  minute  plimet|  whicl 
observation  soon  proved  to  apree  in  all  its  essential  conditions  with 
the  hypothesis  of  Olbers,  having  a  mean  distance  very  nearly  equal 
to  those  of  Ceres  and  Pallas,  aa  exceptional  obliquity  of  13*',  and 
a  considerable  excentricity. 

This  planet  was  named  Jfjto. 

Juno  baa  the  jippearance  of  a  star  of  the  8th  mop^nitude,  when 
in  the  most  favourable  position  of  ttw  orbit  for  obsen-ation,  and 
of  a  reddish  colour.      It  was  discovered  with  a  very  oniii 
telescope  of  30  inches  focal  leuffth  and  2  inches  aperture, 

371.  JUmeovery  of  Veatcu  0  — On  the  29th  of  March,  1 807, 
Dr.  Olbers  discovered  another  planet  under  circumstances  precisely 
simihir  to  those  dready  related  in  the  eases  of  the  former  dis- 
coveries. The  name  Vesta  was  given  to  this  planet,  which,  in  i< 
minute  raa^itude  and  the  character  of  its  orbit,  was  analogoua  ta^ 
Ceres,  Pallas,  and  Jimo, 

Vestft  is  the  brightest  and  apparently  the  largest  of  all  this 
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group  of  plaaetB,  and  when  in  opposition,  appears  as  a  star  of  the 
aeveuth  mAjruitude,  and  may  bo  sometimes  distin<mishe<l  by  pood 
and  practised  eyes  without  a  telescope.  Obs-ervera  difTer  in  their 
impreesiona  of  the  colour  of  this  planet.  Harding  and  other  Gtir- 
mon  obs^n  era  uoasidor  her  to  be  reddish ;  others  cont<^nd  that  sho 
is  perfectly  white.  Mr.  Hind  mys  that  he  hm  repeatedly  examined 
her  under  varioiia  powei-s,  and  alwajB  received  tho  impreasion  of  a 
pale  yellowish  cjtst  in  her  light, 

572.  Sijcoverr  of  tbe  otlier  Plaii«toldB. — ^The  labours  of 
the  ohsercers  of  the  lie^nning  of  the  L-euturj'  having  buen  now 
prosecuted  for  sotno  years  without  further rt'sulta,  were  discontinued, 
and  it  ia  probable  that  but  iVir  the  admirable  chnrtj^i  of  ihe  stm-s 
which  have  been  stuce  pnbliished,  no  other  members  of  this  remark- 
able g^-oup  of  planets  .would  have  been  diecoTrered.  The&e  charts, 
howerer,  cnntmning  all  the  stars  up  to  the  9th  or  loth  magnitude, 
included  within  a  zone  of  the  firmament  30**  in  width,  extendinjj^ 
to  1 5°  on  em^b  aide  of  the  cele^atial  equator,  supplie<l  so  important 
and  obvious  an  instrument  of  reBearchj  that  tlm  subject  waa  tigain 
resumed  with  a  belter  prospect  of  euccessftil  results!.  It  waa  only 
net^flaaiy  for  the  obsener,  map  in  hand,  to  exandne,  degree  by 
degree,  the  zone  within  which  such  bodiea  are  known  to  move, 
and  to  compare,  star  by  star,  the  heavens  with  the  map.  When 
a  a  tar  is  obseiTed  which  ia  not  marked  on  the  map,  it  is  watched 
from  hour  to  hour^  and  from  night  to  night,  though,  in  general, 
observations  made  at  intervals  of  a  few  houra  are  aufficient  to 
detect  it«  planetary  nature,  provided  the  suspected  object  be  a 
planet  If  it  do  not  change  ita  position  it  muBt  bo  inferred  that  it 
ha^  been  omitted  in  the  construction  of  the  map,  and  it  is  markeil 
uptm  it  in  its  proper  place,  If  it  change  ita  poaition  it  must  be 
inferred  to  be  a  planet,  and  ita  orbit  ia  then  calculated  aa  soon  aa 
the  required  number  of  observations  are  made,  which  are  neceasttry 
for  the  determination  of  ita  element*. 

The  mejin  distoncea  from  the  ann  of  nil  the  planetoids  piaffe 
them,  without  exception,  between  the  orbits  of  Mara  and  Jupiter, 
and  their  minuteness  of  voliune,  and  the  very  variable  obliquities 
and  excentricities  of  their  orbita,  cause  them  all  to  re&emble  the 
firat  four  discovered  in  the  beginning  of  the  century,  and,  tberefore, 
in  complete  accordance  with  the  conditions  mentioned  in  the 
curious  hj'potheaia  of  Dr.  Olbers,  regiuxling  the  po&BibUity  of  a 
fractured  planet  (369). 

Adreta  Q.  —  By  the  nieauf  already  explained,  M.  Hencke,  an 
amateur  observer  residing  at  Drieeeen  in  Prussia,  discovered  on  the 
8tJi  of  December,  1S45,  another  of  thea©  Bmall  plwiets,  which  baa 
been  named  AHtmea. 

The  discovery  of  this  planet  created  conaiderable  eicitement 
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amoogBt  astronomers,  no  Bilditioa  to  the  known  planetary  gyfitem 
having  taken  place  since  Vesta  was  discovered  in  I  807.  It  appeurs 
that  M.  Hencke,  though  not  a  professional  aationonier,  hud  availed 
]iimf9olf  for  about  fifteen  years  of  the  Berlin  charts,  which  included 
Btara  down  to  the  9th  niognttudo  bituAt«d  in  that  part  of  the 
heavens  in  which  the  small  planets  are  generally  found.  A  por- 
tion of  these  churts  wa«  publiahedj  consistiqg  of  about  two-tbirds 
of  the  hours  of  right  ascensiouj  including'  15°  north  and  south 
declinfttion.  All  honour  should  be  given  tr>  the  authoro  of  these 
Tftluttble  reaulta  of  Rfltronomical  research,  as  without  them  we 
niitrbt  probably  not  have  known  of  the  existence  of  the  numerous 
bodies  which  tbrm  the  main  subject  of  th«  present  chapter. 

On  the  eveoing  of  the  8th  of  December,  1845,  JL  Ilencke, 
while  examining  a  portion  of  the  heavens  in  the  fourth  hour  of 
right  ascension,^  noticed  a  star  of  the  ninth  magnitude,  which  hod 
no  appearance  in  the  chart;  from  his  familiarity  with  thai  part  of 
the  heavens,  he  felt  assured  that  the  st4<T  was  never  pre\-iously  in 
that  position.  He  communicflted  hu^  suspicions  of  the  discovery  of 
A  new  planet  to  M.  Encke  and  M.  Schnniai'her,  who,  after  having 
confirmed  the  discovery  from  ohservations  made  at  Berlin  and 
Altona,  announced  publicly  to  the  astronomic4il  world  this  inter- 
esting addition  fc>  thft  list  of  planetoids. 

Though  discovered  by  optical  means  of  no  great  power,  and  by 
an  amateur  observer,  whose  habiti  of  business  would  lenil  him  to 
other  pursuits,  we  muflt  always  consider  that  this  discovery  gave 
birth  to  that  desire  for  astronomicjil  rcsearc h,,  which  at  the  present 
time  (January  1867)  has  resulted  in  increasing  the  known 
bodies  of  the  planetary  sy>*tera  to  such  an  extent,  that  the  plane- 
toids now  number  ninety-one,  while  scarcely  a  year  passes  with- 
out one  or  more  fresh  discoveries  being  made. 

AiAlTH^a  shiues,  when  in  its  most  favourable  position,  as  a  stnr  of 
the  ninth  magnitude,  hut  at  other  times  it*  faintnesa  prevents  any 
observation,  unless  tlie  observer  be  proWded  with  an  inatrumeut 
with  an  object-glass  of  considerable  aperture. 

Ifebe  @. —  On  the  1  st  of  July,  1 847,  M.  Henck©  was  again 
rewarded  for  bis  devotion  by  the  discovery  of  Hebe.  It  first 
appeared  of  the  ninth  magnitude,  but  speedily  became  fiiinter,  and 
was  generally  visible  as  a  ruddy  star  of  the  tenth  magnitude. 

The  maximum  magnitude  of  this  planet  is  about  the  seventh  or 
eighth,  and  the  minimum,  the  eleventh. 

/n«0,-=-Mr.  Hind  is  the  principal  English  astronomer  who 
has  devoted  much  attention  to  this  branch  of  astronomical  dia* 
covery,  and  can  claim  the  honour  of  being  the  diarrfverer  of  ten  of 
these  minute  obj  ects.  Mr.  Hind,  since  the  latter  part  of  1 844,  has 
directed  the  private  observatory  of  Mr.  Bishop,  in  the  Regent's 
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Pnrk,  which  is  fimiiahed  with  ft  t^leBcojw,  equatoriolly  mounted, 
cftpiible  of  being  eraplnyed  in  the  most  dplicat«  researchen. 

Iris  WH*  diacoveft'donthe  evetiiiig  of  the  13th  ofAugruit,  1847  ; 
a  BTStematic  eiamiiiation  of  the  heavens  haiingr  heeo  eomineneed 
eome  months  previoiiHly.  Wliibt  scmtiniain^  the  heavims  in  the 
vicinity  of  65  SagitUrii,  Sir.  IlLnd  noticed  a  star  of  the  eijfhth 
SEUgtiitudci,  which  had  escaped  obsen'ation  at  any  fonner  tioie. 
An  hour  was  sufficient  to  show  its  planetary  nature,  its  poaition 
h«vinj;(  retrograded,  with  respect  to  other  stars,  two  secouda  in  that 
interval  of  time. 

The  maximum  brilliancy  of  Iris  ia  about  the  eighth  magnitude, 
decreasing  in  other  po*«itionB  of  its  orbit  to  the  tenth. 

Fivra  0. —  Thia  planet  was  alao  discovered  by  Mr.  Hiod.  On 
the  J  8th  of  October,  1 847^  he  noticed  a  star  of  the  eighth  or  ninth 
tnagjiitude,  in  a  p<M»itiou  in  which  it  was  never  previously  viaible. 
CoofinnBtiun  of  the  discoven^  wafl  not  obtained  for  an^mo  hours  in 
consequence  of  cloudy  weather,  but  on  the  tgth  at  3'*  A.M.,  aa 
interval  of  four  hours  showed  that  the  position  of  the  object  had 
changed  in  a  direct  motion  about  two  seconds  of  time.  Tliia 
alteration  was  auflicient  to  assure  the  observer  of  its  planetary 
nature. 

The  magnitude  of  Flora  varies  frt»ra  the  eighth  or  ninth  to  ahout 
the  eleventh,  according  to  its  distance  from  the  earth.  When 
fnvourabiy  seen^  Mr.  Hind  has  fancied  ho  could  perteive  a  mea- 
enrable  disk,  hut  he  canuot  place  implicit  onnfidenco  in  the 
ob^rvationa. 

Metis  0.  —  The  next  planet  in  order  of  discovery  is  due  to  Mr. 
Graham,  an^istant  at  the  private  observatory  of  Markree  Castle, 
Irehmd,  under  the  direction  of  Mr,  Cooper.  Metis  was  found,  like 
those  preceding,  by  noticing  the  appearance  of  an  object  which  was 
not  recorded  in  the  chart  which  wa«  being  compared  with  the 
corresponding  part  of  the  heavena.  On  the  25th  of  April,  1848, 
ft  star  wiw  suspected,  and  was  notefi  down  for  re-exam  in  iition. 
On  the  pucceeding  evening  it  was  found  to  have  retrograded  one 
minute  and  it^i  plfmetary  nature  uatablished.  "When  detected,  the 
planet  waa  of  the  tenth  magnitude;  in  more  favourable  poaitions  ita 
apppuranee  iucreafles  considerably  in  hrightness. 

Hy^eia  (TJi. —  The  zeal  for  astmnomicnl  discovery  could  not  bo 
8upp>sed  to  remain  in  northern  latitudes  without  drawing  the 
attention  of  eustrononiers  in  the  south  of  Kurope,  who  are,  fortu- 
nately for  thi.<  purpose,  accustomed  to  a  clearer  atmosphere  than  ia 
generally  found  in  England  ortf  ermany.  51.  de  Ga^parisof  Na^dM 
waa  the  first  Xo  enter  the  field,  by  the  discovery  of  Hygeia  on  the 
1 2th  of  April,  1 849.  M.  de  Gasparis  was  comparing  the  heavens 
with  SteinheiFs  map,  in  the  twelfth  hour  of  right  aaeension,  wheu 
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lie  detected  this  planet  m  an  objecit  of  the  ninth  or  tenth  m/ipriitutle. 
Owing  to  cloudy  weather  he  WHa  unable  to  confirm  his  diaeovery 
till  the  ]4th^  but  on  that  day  his  oheervations  abowed  a  ecrutible 
change  of  position,  and  tbi»t  the  sufipected  object  formed  one  of  the 
gnrmp  of  planetoids. 

The  magnitude  of  Hrgeia  Tariefl  firom  tiie  ninth  to  the  eleyenth. 

Parthenope  0.  — When  Ifyg^ja  was  discovered,  Sir  John 
Ilerschcl  su^g?ested  thai  the  name  of  Parthenope  would  have  been 
appropriate,  aince  the  antnent  name  of  Naples  waa  derived  from 
tbet  njinph  ;  M*  de  Gasparia,  tborefore,  used  every  exertion  to  carry 
out  Sir  John  Herscbel'a  proposition,  and  waa  succe^aful  on  the  i  Ith 
of  May,  1850,  thus  realising,  as  be  states,  a  "  Parthenope*'  in  the 
heavens.  From  ite  alteration  of  poaition,  the  planetaty  nature  of 
the  object  waa  aoon  ascertained. 

At  the  time  of  discovery,  Parthenope  shone  as  a  star  of  the 
ninth  magnitude;  m  uufavourahle  seasons,  its  lustre  is  little 
brighter  than  the  twelfth. 

Victoria  @.  — On  the  13th  of  September,  1850,  Mr.  Hind 
noticed  a  star  of  the  eighth  mafrnitudo,  with  a  blui&h  li^ht  From 
its  appearance,  his  suspicions  were  aroused  that  the  object  was 
Another  planet  It  was  sitiiati^d  near  a  small  star  which  had  been 
frequently  noticed,  without  having  for  a  companion  such  a  bripht 
object.  In  less  than  an  hour,  ihe  brighter  star  Uml  retrograded  two 
seconds  of  time  ;  ita  identity  as  a  planet  was  therefore  established. 

Though  Victoria,  when  first  noticed,  a]>peaped  of  the  eighth 
magnitude^ yet  at  some  subsequent  oppositions,  no  instrument  uni 
of  superior  penetrating  power  waa  able  to  distinguish  it.     Its  mcu; 
oppodtion  magnitude  is,  however,  rather  brighter  than  the  tenth 

The  name  of  Victoria  waa  formerly  objected  to  by  American 
astronomei^  on  the  ground  of  its  departure  from  the  rule  of  seleci 
ing  female  classical  divinities  \  and  also  from  an  idea  that  it  wi 
not  desirable  to  encourage  names  given  in  honour  of  living  indi- 
viduals. For  some  time^  therefore,  this  planet  was  known  in 
AmericA  as  Clio.  For  the  sake  of  uniformity,  the  name  of  Vic- 
ti^ria  is  Duw  universally  adopted,  that  of  Clio  being  given  to  a 
eubsequeot  discovery. 

Etjeria  (T^i.^^This  planet  was  discovered  by  M.  de  Gasparia,  at 
Naples,  on  the  3iid  of  November,  1850,  resulting  from  a  aeries  of 
ob8er\'ationa  in  zones  of  declination  undertakeu  for  tlie  express 
purpose  of  discovering  these  minute  bodies.  The  motion  of  the 
planet  soon  satisfied  the  observer  that  the  suspected  object  was  a 
planet 

Egeria  at  its  first  appearance  was  about  the  ninth  magnitude  j  it 
descends  occasionally  as  low  as  the  twilfth, 

Irene  (u),— On  the  night  of  the  19th  of  May,  185 1,  during  an 
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exAmmation  of  the  heavens  nenr  a  star  whicli  had  been  preriously 
noticedj  Mr.  Hind  remarlced  an  object  near  it  of  similar  magnitude^ 
and  from  his  knowledge  of  thftt  part  of  the  hi^avenj^  he  fdt  con- 
vinced tliat  the  object  was  a  new  planet.  Mr,  Hind  conaideMi,  that, 
80  far  aa  he  is  concerned,  the  discovery  is  due  to  hia  famdiarity  with 
teleacopic  stars  pained  in  hia  repeated  examinationa  for  minute 
objects,  Obsei-VHtioDs  80O0  established  this  object  as  a  planet,  ita 
motion  being  evident  in  a  short  interMil  of  time, 

Mr  Hind  remarkfl:  "On  the  night  of  the  diacovery  it  wa« 
noticed  that  there  waa  a  decided  contrast  between  the  lljght  of  the 
atar  and  that  of  the  planet ;  the  former  was  very  white  and  vivid, 
whUe  the  latter  h^ul  a  didl  bluish  tin^.  The  planet  olao  appeared 
to  be  enveloped  in  an  extremely  faint  nebulous  atmospheiey  the 
existence  of  which  has  been  confirmed  on  aevend  mibseqnent  occa- 
sions, though  it  requires  a  perfectly  clear  night,  and  great  attention, 
to  render  it  very  evident/' 

The  planet  occasionally  shiuea  as  a  star  of  the  ninth  magnitude ; 
its  minimum  is  the  twelfth, 

M.  de  Gasparia  of  Naples  discovered  Irene  four  days  after  Mr. 
Hind,  an  instance  how  closely  the  heavens  were  scrutinised.  Other 
iDdependent  discoveriea  of  planets  have  taken  place,  as  well  aa  on 
this  occasion,  which  will  appear  hereafter. 

Etifwmia  @. — This  planet  was  disi^ovored  at  Naples,  by  M.  de 
Oasparis,  on  the  29th  of  July,  1851,  shining  as  a  star  of  the  ninth 
ma^pitndo. 

Eunomia,  occasionally,  ib  tolerably  bright,  being  of  the  eighth 
magnitude ;  it,  however,  in  other  parts  of  its  orbit  becomes  almost 
invisible.  During  the  opposition  of  this  planet  in  the  summer  of 
]  S60r  its  ma^itude  was  unusually  great,  appearing  of  nearly  equal 
brilliancy  to  Vesta. 

J^cAe@,— During  the  evening  of  the  17th  of  March,  1852, 
M,  de  Gasparis  discovered  this  planet,  whirh  at  the  time  was 
situated  near  Regidus,  with  which  it  was  compared,  and  its  plane* 
tary  motion  detected.  As  Irene  vraa  first  discovered  by  Mr.  Flind, 
and  in  four  days  after  by  M.  de  Gasparis,  so  in  this  instance,  if  the 
Naples  astronomer  foiled  to  notice  Psyche,  Mr.  Hind  would  most 
probably  have  been  soon  in  a  position  to  claim  the  merit  of  it« 
discovery.  On  the  1 8th  of  Janiiary,  during  a  final  revision  of  an 
eclipticoi  chart  before  placing  it  in  the  engraver's  hands,  Mr.  Hind 
entered  an  object  shining  as  a  star  of  the  eleventh  magnitude. 
Cloudy  weather  prevented  any  re- examination  of  this  object  until 
a  proof  of  the  engraving  airived  on  the  1 8th  of  March,  On  the 
evening  of  that  day,  on  comparing  the  chart  with  the  heavena,  the 
itar  was  not  to  be  found.  Its  planetary  chantcter  was  at  once 
evident.    A.  vigorous  search  after  the  missing  object  was  resolved 
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on,  but  before  a  favourable  opportimity  arrired,  notice  was  gtven 
of  its  diacoveiy  by  M.  de  Gasparw,  Professor  Gausa  has  alio w a 
that  the  estimated  place  of  the  planet  oa  Januarj*  29,  agrees  well 
with  the  elements  deduced  from  the  observaticna.  Its  plaiietiirv 
niitiiT^,  however,  was  not  Imown  to  Mr,  Hind  till  the  night 
fulldwing  the  actual  discovery  at  Naples, 

The  mean  oppoaition  majj^itude  of  Psyche  is  about  the  tt^nth. 

Thtiii  ^. —  I)r.  R.  Luther^  of  the  observatory  of  Bilk,  near 
Dusseldorf,  discovered  this  planet  on  the  17th  of  April,  1852, 
which  soon  proved  itself  to  be  one  of  the  remarkable  group  of 
minute  planets.  It  ahinea,  generally,  when  in  ita  most  favourable 
position,  as  a  star  of  the  ninth  mairnitude. 

MelpQfttene  @-—  Thia  planet  waa  discovered  by  Mr,  Hind  during 
the  night  of  the  i^Xh.  of  June,  1^52,  It  appeared  with  a  brilliancy 
equal  to  a  star  of  the  ninth  magnitude^  in  a  position  where  no 
known  member  of  these  bodies  coulil  be  situated.  Olw^ervationa 
with  a  raierometer  soon  indicated  a  sensible  ehango  of  position. 

Mr.  Hind  has  frequently  remarked  a  strong  yellowiah  cohmr 
abotit  the  li^ht  of  Melpomene,  contrasting  in  a  visible  manner  the 
appearance  of  the  planet  with  the  small  stars  in  the  same  field  of 
view  of  the  telescope. 

When  in  favourable  parts  of  its  orbit,  this  planet  shines  similarly 
to  A  star  of  the  eighth  or  ninth  miiigiiitude. 

Fortima  @. —  This  planet  is  another  of  Mr.  Hind's  discoveriea, 
On  the  22nd  of  August,  1852,  he  noticed  an  object  of  tiie  nintJi 
magnitude,  when,  after  com  par  bg  it  with  another  star,  the  motion 
westward  was  appreciable  in  about  twenty  minutes. 

Fortuna  shines  usually  at  opposition  as  an  object  of  the  ninth 
magnitude. 

MmsiUa  fjo).^Oa  the  19th  of  September,  1852,  a  new  planet 
was  discovered  at  Naples  by  M.  de  Ga^paris,  shiniug  as  fi  star  of 
the  ninth  magnitude.  This  planet  was  also  independently  dis- 
covered by  M.  Chacoraac  at  Marseilles,  on  the  20th  of  September, 
while  forming  a  chart  of  the  positiona  of  stara  near  the  ecliptic. 
The  honour  of  being  the  lirst  discfoverer,  however,  is  due  to  M,  De 
Gasparis. 

The  brilliancy  of  Massilift  varies  finom  the  eighth  to  the  eleventh 
magnitude,  according  to  its  position  in  its  orbit, 

LidHia  @,^The  plnnet  Liitetia  wna  discovered  on  the  j  Jth  of 
November,  1852,  by  Mr.  Ilenuann  Goldinrhmidt,  an  amateur  as- 
tronomer at  Paris,  It  appeared  of  alujut  the  ninth  magnitude,  but 
soon  became  much  fainter.  Ita  mean  oppositioii  brightoeas  ia 
equal  to  stars  of  the  tenth  magnitude. 

The  discovery  of  thia  planet  by  M«  Goldschmidt  was  m^de  with 
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a  mall  onSmai^  tdeacope,  placed  in  the  balco&j  of  his  aport- 

ment  in  tha  Hoe  da  Seise,  Faubourg  St.  Oermain. 

The  zeid  and  devotion  of  tiiis  aatrooomei*  have  been  rewarded  by 
the  dlBcoreiy  of  no  leas  than  twelye  of  theae  int^reatiag  members 
of  the  Mlnr  ayatem. 

Caiiiupe  Q).' — In  the  nigtit  of  the  1 6th  of  Novemb*'r,  1852, 
while  Mr.  Hind  waa  comparing  the  heayens  with  one  of  his  oclip- 
tical  star-mapSj  he  noticed  an  object  which  wiia  not  entered  ou  tlie 
chart.  Its  planetary  nature  waa  soon  identitied  bj  compuriu^'  ita 
motion  with  the  neighbouring  stars.  The  maximuin  bri}fhtiie«s  c»f 
Calliope  la  eiinilar  to  a  star  of  the  ninth  magaitude^  though  in 
some  parts  of  its  orbit  the  iutenaity  of  light  ia  ao  email  aa  to 
render  the  planet  visible  onlj  with  telescopes  of  a  superior  degree 
of  penetrating  power. 

Tfuiiia  ®.—  On  the  evening  of  the  1 5th  of  December,  1 852,  Mr, 
Hind  detected  another  planet,  which  received  the  name  of  Thidia. 
Like  Calliope,  thi^  planet  waa  discovered  by  mean^  of  the  ecliptical 
iitar-maps^  formed  under  hia  own  directioo.  Wheu  first  aeon,  it 
ahnne  scarcely  brighter  than  etars  of  the  tenth  or  eleventh  magni- 
tude; a  degree  of  fuintness  which  forbids  the  use  of  ordinary 
telescopes  in  attemptiug  its  observation. 

The  mean  opposition  magnitude  of  Thalia  is  about  the  eleventh  j 
its  minimimi  brightness  is  no  greater  than  the  thirteenth  or  four- 
teenth magnitude. 

Tlu'mis  @.  —  The  planet  Themis  was  discovered  at  Naples,  on 
the  6th  of  Aprils  1853,  by  M,  d©  Ga^paris.  WTiilst  searrhing  for 
a  small  star  of  the  eleventh  magnitude  which  had  previously  bfcn 
observed  but  which  had  become  invisible,  that  iistronomer  t<.iok 
notice  of  a  small  object  of  the  twelfth  magnitude  which  was  new 
to  him,  the  proper  motion  of  which  waa  soon  recognised  on  cnm- 
pariann  with  a  ninghbouring  star.  Themis  shone  as  an  cxtreHn*ly 
minute  object:  the  greater  merit,  therefore,  is  due  to  the  iode- 
fatigable  observer  through  whose  exertions  the  astronomical  world 
were  mode  acquainted  with  its  exiHtenco. 

No  instrument,  except  of  a  superior  class,  can  bo  expected  to 
perceive  this  minute  body,  its  mean  opposition  magnitude  being 
about  the  twelfth. 

Fhocea  @, — Wbile  M.  de  Gasparis  waa  engaged  in  the  con- 
sideration of  Themis,  M,  Chacomac  waa  equally  engaged  on 
another  nt?w  member  of  the  planetoids,  wliich  rhe  discovered  al-^o 
on  the  6th  of  April,  1853,  at  Marseilles*  It  received  the  name  of 
Phocea*  WTien  tirst  seen  it  appeared  as  a  star  of  the  ninth  mag- 
nitude, hariniGf  a  bluish  tint  On  comparison  with  another  star  it* 
motion  was  detected. 

The  apparent  magnitude  of  Phocea  ia  variable  ]  it  changes  from 
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themntb,  wlien  the  planet  ia  most  fiiToumbly  situated  for  observj 
tioD,  to  t])Q  twelfth,  when  ita  poaition  in  ita  orbit  placea  it  at  its 
grentest  distance  from  the  earth. 

P)roierpme@,  —  The  planet  ProserpmD  waa  discovered  on  the 
jth  of  May,  1853,  at  BUk,  by  Br.  Luther.  WheTi  detected,  it 
appeared  exceedingly  faint,  beings  no  brighter  than  a  star  of  the 
t«?nth  or  eleventh  ma^itude. 

At  opposition,  lia  mean  intensity  of  light  equala  an  object  of 
about  the  tenth  ma^amitude. 

jBiti^^rpe  @.  —  The  planet  Euterpe  waa  found  on  the  evening  of 
the  8th  of  November,  1 853,  by  Mr,  Ilind,  while  he  was  corn  paring 
one  of  Ms  ecliptical  maps  with  the  heAv^^ns.  It  waa  shining  as  a 
Btar  of  the  ninth  magnitude,  and  waa  shortly  proved  by  its  motion 
to  he  a  planet. 

Tlic  magnitude  of  Euterpe  is  generally  about  the  tenth  when  in 
opposition. 

JIt'llona  @.  —  The  planet  Bellona  waa  discovered  by  Dr.  Luther, 
at  Bilk,  on  the  lat  of  Moreh,  1854.    Its  mean  amount  of  brilliancy       _ 
at  opposition  ib  about  ef|tial  to  stars  of  the  tenth  magrnitudo,  ^^H 

Amphitrite  @. — On  the  1st  of  March,,  1 854.^  and  ouly  about  tw(^^| 
bourn  later  than  the  di&covery  of  Bellona,  Mr.  Jlarth  detected  the 
plimi^t  AraphitTite,  at  the  Regent's  Park  ObsM>rvatory,  It  wag  alao 
independently  found  by  Mr.  I'ogson  at  Oxfowl,  oa  the  2nd  of 
March,  and  by  M.  rbacomac  at  Marseilles,  on  the  3rd  of  March. 
On  it«  first  appearance,  Ampbitrito  shone  as  a  atnr  of  the  tonth 
or  eleventh  ma^itude.  Ita  brilliancy  ia,  however,  occaiiionally 
much  greater,  the  maximum  being  about  the  ninth  magnitude. 

Urania  (10!.  The  pUnet  Urania  was  discovered  by  Mr.  Hind 
about  midnight  on  the  22ud  of  July,  1854,  ahimng  aa  an  object  of 
the  ninth  or  tenth  magnitude.  Urania  ia,  however,  exta^moly 
faint  in  unfavourable  positions  for  observation. 

The  number  of  planetoids  discovered  by  Mr.  Hind  thus  amotinta 
to  ten,  Umuia  being  the  last  found  by  that  iDdefatigable  astro* 
nomer^  The  instrument  used  in  his  reaearchea  is  an  equatorially* 
mounted  ftchrir)matic  telescope,  having  an  object-glasa  of  aeven 
inches  aperture,  and  about  eleven  feet  focal  length, 

Euphrmifne  (71).  — The  planet  Euphrosyne  was  discovered  on  the 
I  St  of  September,  I S  54,  at  Washington,  America,  by  Mr.  Ferguaon, 
Ita  position  on  the  night  of  its  discovery  waa  rather  sinLmlar.  Mr* 
Ferguson  was  in  eearch  of  Egeria,  which  he  observed  in  company 
with  another  object  which  was  so  close  to  Egeria  as  to  create  some 
uncertainty  in  his  mind  which  of  the  two  was  the  planet.  Another 
night'fl  obaervation,  however,  decided  the  planetary  nature  of  both 
ohjectA,  one  of  which  waa  Egeria  and  the  other  waa  found  to  be  a 
new  planet 
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With  the  exception  of  Palloa,  the  obliciuity  of  the  orbit  of 
Euphrostrne  is  greater  than  any  of  the  reLudnuig  planetoidSf 
ttinounting  to  zO**  27'. 

The  nmgmtude  of  tkia  planet  at  mean  opposition  ia  about  the 
eleventh. 

F&mma  @,— The  planet  Fotnooa  was  detected  on  the  26th  of 
October,  1854,  RtParisj  by  M.  GolilMchmidt  on  comparing  an  et-lip^ 
tJcal  star-map  with  the  UeHveus,  It  appeanKl  an  a  atarof  the  eleventh 
mapnitude,  which  ia  about  its  mean  brilliancy  at  cii>position. 

IWifhf/mnia  @.— This  planet  was  also  discovered  nt  Paris.  On 
the  night  of  the  2StJi  of  i>ctober,  1 8  54,  it  wa»  found  by  M.  Cha- 
comae,  of  the  Imperial  Obsenatory, 

Of  ali  the  known  planets,  Polyhymnia  is  remarkable  for  the 
lai^ge  excentricity  which  w  exhibited  by  the  elements  of  its  orbit  f 
the  difference  between  the  perihelion  and  aphelion  distance* 
amountiiig  to  a  diameter  of  the  earth's  orbit. 

The  intensity  of  light  shown  by  Polyhymnia  varies  considerably  j 
ita  magnitude  changing  from  the  ninth  to  the  thirteenth. 

Circe  Q.^  The  planet  Circe  was  diacovered  at  the  Imperial 
Observatory,  Paris,  on  the  6tb  of  April,  1855,  by  M.  Ohacomac. 
By  comparison  with  the  stw  25,438  of  the  catalogue  of  Lalande, 
its  identity  u»  a  phinet  was  conUrmed. 

The  magnitude  of  Circe  is  extremely  faint^  ita  mean  opposition 
brightness  being  equal  to  a  star  of  the  eleventh  or  twelfth  magni- 
tude* 

LeucUhea  @,—  Dr.  Luther  discovered  the  phmet  Leucothea  on 
the  night  of  the  19th  of  April^  i^S5»  shining  as  a  star  of  the 
eleventh  mi^jtrnitude,  which  b  about  the  maximum  brightness.  This 
planet  is  genemlly  of  such  extreme  faintness,  as  to  make  it  an 
object  of  difficulty  even  with  telescopes  of  the  greatest  optical 
power. 

AtiiJatda  @.^  On  the  5th  of  October,  1855,  M,  Goldschmidt 
discovered  the  planet  Atalanta,  at  Paris ;  it  resembled  a  star  of  the 
eleventh  or  twelfth  magnitude,  which  is  about  its  brightness  at 
mean  opposition. 

Fide*  @.  —  The  planet  Fides  was  detected  on  tha  evening  of  the 
5th  of  October,  1855,  at  Bilk,  by  Dr.  Luther,  being  the  second 
plftnetary  discovery  on  the  same  evening. 

The  magnitude  of  Fides  at  mean  opposition  is  about  the  tenth. 

Zeda  @.  —  M.  Chacomac  discovered  the  planet  Leda  on  the 
1 2th  of  Januaiy,  1 S56,  at  Parisj  shining  m  a  star  of  the  tenth 
niairoitude. 

The  mean  opposition  mt^itude  of  Leda  is  about  the  eleventh. 

Zfetitia  @,  —  The  planet  Lietitia  was  detected  at  Paris  also  by 
M,  Chacomac,  on  the  8th  of  February,  1 856.    On  comparing  the 
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«uspecte<I  object  with   21,963   of  Lalande's  catalogue,  ita  motion 
waa  floon  perceived. 

Tho  appearance  of  Laetitia  varies  considerably  io  mfl^itude; 
when  at  the  grentijst  it  shines  na  a  star  of  the  ninth,  and  at  its 
minimum  brillittaey,  about  the  twelfth  tnafrtiitude, 

Harmonia  ©.  —  Tbia  planet  was  discovered  by  51,  Goldachmidt 
on  the  eveoinjLr  of  the  3 1  tit  of  March,  18  56,  at  Paria,  ahining  as  a 
fetar  of  ihe  uintli  or  tenth  magnitude. 

Harnionia  ia  generally  of  average  brig:htne88,  ita  mean  oppoaitinn 
mapiitude  scarcely  exceeding-  the  ninth. 

Daphne  @. —  The  planet  Daphne  waa  also  discovered  by  M. 
Goldschmidt  It  wnjs  found  on  the  22nd  of  May,  1S56,  at  Paris. 
Owing  to  the  latt-nees  of  the  discovery,  which  waa  made  when 
Daphne  had  considerably  passed  opposition,  and  to  the  increasing 
daylight,  very  few  observationa  were  made  of  this  planet,  too  few, in 
facty  for  the  determination  of  reliable  elements  of  its  orbit.  In  con- 
sequence of  tlii^  uncertainty,  Daphne  was  not  seen  during  aeveml 
yeara,  A  apecial  .search  wa?,  however^  made  at  one  of  ita  expected 
oppotttions,  when  Di.  Luther  foimd  it  an  the  ^  l@t  of  Ang«ist,  1 862. 

IbUU^),' — The  planet  I f^ia  was  discovered  at  the  Radcliffe  Ob- 
servatory, Oxford,  on  the  2  3i"d  of  May,  1856,  by  Mn  Pogaon.  It 
appeared  m  a  atar  of  the  tenth  magnitude,  whirh  ia  about  ita 
biightoeafl  at  mean  oppoution. 

Ariadm  (u), —  Mr.  Pogaon,  while  comparing  ace  of  hia  nianu- 
acript  chartii  with  the  heavens  at  the  Radcltffe  Obaefyatoryj  Oxford, 
on  the  1  5lh  of  Aprils  i^57^  delected  ati  object  which ,  on  com- 
paring with  a  neighbouring  atar,  proved  to  be  another  planet.  It 
received  the  name  of  Ariadne.  Ita  hrightneea  at  meaji  opposition  ia 
similar  to  a  star  of  the  tenth  magnitude. 

Nym@. — ^This  planet  waa  found  by  M.  Gnldschmidt  on  the 
27th  of  May,  1857,  resemhliniar  a  Ptar  of  the  tenth  or  eleventh 
magnitude.  In  fnvourable  poaitiona  of  the  planet  in  ite  orbit,  it  is 
oonaiderably  brighter. 

JSuffmia  @, — ^The  planet  Eugenia  was  diacovered  also  by  M. 
Goldschmidt.  On  the  28th  of  June^  1  8 57*  while  Bcratinising  the 
heavena,  he  saw  an  nbjeet  which  prnved  to  be  a  planet.  The  in- 
tensity of  light  of  Eugeuia  is  ver>'  fuint^  and  a  ^ood  telescopo  ia 
lequireti  to  maOse  sAtii^factoiy  obaervationa. 

Mt«tia  @.  —  The  planet  Heatia  waa  detected  f»n  the  1 6th  of 
Augoai^  18^7,  ■tOxford,l>y  Mr.  PojjBon,  with  the  assietance  of  a 
5 -feet  •teleaoope,  genemu!»ly  lent  by  Dr.  Lee  of  Hartwell,  for 
his  private  umo,  placed  in  the  garden  rettaclMM!  to  his  residence. 
Heatia  ia  one  of  the  fainteat  planeta  of  the  grotip^  ita  mean  oppo- 
sition magnitude  being  no  greater  than  the  twelfth  or  thirteenth. 
OocasionallT  the  magnitude  ia  so  vBry  minute,  that  it  ia  scarcely 
tfritbhi  the  limita  of  via  ion  even  with  fii^  claaa  telescopea. 
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Agrlnin  @.^-  Dr.  Luther  discovered  this  planet  on  the  1 5U1  of 
September,  1857,  at  Bilk.  The  faintness  of  Aglaia  prevents  it 
from  being:  frequ<5ntiy  observed.  Ita  magnitude  is  ttbout  the 
eleventh  or  twelfth  at  mean  oppoaitioB. 

Dorif  @  and  Paies  @" — Theae  two  plflneta  were  difcorered  on 
the  same  nig-ht,  on  the  igth  of  iSeptember,  1857,  by  M.  Gold- 
echraidt,  at  Paris.  Whilst  thttt  astronomer  was  engaged  upon  the 
identification  of  the  planetary  nature  of  Dnrii?,  h&  nei^essarily 
neglected  attending  to  &  star  which  had  vanished  in  the  vicinity 
of  ic  Aquiirii;  liitor  in  the  evening,  however,  his  attention  was 
directed  to  an  object  which  soon  exhihitetl  a  change  in  ita  relative 
position  with  respect  to  the  neijghboumg  stara,  and  consequently 
WHS  proved  to  be  a  second  planet,  which  aftenvarda  received  the 
name  of  Palea.  At  the  time  of  disw:;oveTj,  the  two  planeta  were 
peparated  only  by  about  three  minutes  of  right  ascenwou,  and  one 
degree  of  declination.  The  singular  fortune  of  a  double  disoovery 
on  the  same  niglit  haa  not  fallen  to  &nj  other  diac-overer. 

Tht'se  planets  are  both  rather  minute  at  mean  opposition,  Doris 
being  of  the  eleventh^  and  Paloa  of  the  tenth  or  eleventh  magnitude. 

Virffinia  @.—  The  plenet  Virginia  waa  firat  noticed  on  the  4th 
of  October,  1857,  at  Waabington,  U.S.,  by  Mr.  Ferguaon,  An 
independent  discoveiy  was  made  at  Bill<,  by  Dr.  Luther,  on  the 
19th  of  October,  before  intelligence  had  reached  Europe  of  ita 
praviouf  detection.  This  planet  ia  also  exceedingly  minute,  ita 
mean  opposition  magnitude  being  between  the  twelfth  and  thir- 
teenth, while  in  other  po.<iitionB  of  its  orbit,  where  it  ia  more  xm- 
f&vourably  situated^  it  shines  as  a  star  of  the  fourteenth  or  fifteenth 
magnitude. 

Nenuiiisa  0, —  The  planet  Nemausa  was  foimd  by  M.  Laurent, 
at  the  Observatory  at  Nismes,  in  the  south  of  FrancOj,  on  the  22nd 
of  January,  1858.     Ita  intensity  of  light  is  not  great 

Emopa  @, —  M,  Goldschraidt  waa  the  diacoverer  of  this  planet, 
on  the  6th  of  February,  1 858,  at  Paris.  Its  mean  opposition  mag- 
nitude is  ei^timated  as  being  e(|ual  to  abcmt  the  tenth. 

Cafypto  @. — This  planet  was  detected  at  Bilk,  hy  Dr.  Luther, 
on  the  4th  of  April,  1 858.  When  first  noticed  it  resembled  a  star 
of  the  eleventh  magnitude,  which  doubtless  is  the  appearance  by 
which  it  will  be  generally  distinguished. 

Alexandra  0. —  The  planet  Alexandra  was  discovered  on  the 
loth  of  SeptTmher,  1858,  hy  M.  Gold^^hmidt,  at  Paris.  The 
magnitude  of  this  planet  must  be  claj^sed  aniougsl  those  of  the 
faintest,  requiring  a  good  telescope  for  ita  detection. 

Pandora  @. —  This  planet  was  discovered  at  the  Dudley  Ob- 
servatory, Albany,  United  "States,  by  Mr.  Searle,  on  the  night  of 
the  loth  of  September^  1858*  only  a  few  hours  kter  than  the 
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discovery  of  Aleiandrft.    Pandora  was  discorered  by  a  very  or-' 
dinary  telescope,  called  a  comet-seeker,  and  though  suspected  aa 
a  new  planet  on  the  1  oth,  ita  planetary  motion  wm  not  confirnied 
till  the  1 1  th  of  September, 

The  maj^itud©  of  Pimdora  must  have  consiJeratily  decreased 
soon  after  its  dmcovery,  for  in  the  latter  part  of  Nov  ember,  1S58, 
aoTeral  observations  were  made  with  the  trans  it- circle  at  iho 
Hojal  Observatory,  Greenwich,  when  the  obsorver  remarked  that 
it  was  of  the  laat  degree  of  faiDtneas.  At  that  time,  liowever, 
the  planet  was  not  in  a  favourable  part  of  ita  orbit  for  observation, 

Metde,@, — ^The  discovery  of  ^ifl  object,  and  ita  confirma- 
tioQ  as  a  new  member  of  the  aolar  aysteni,  was  of  an  unusually 
interesting'  character.  It  was  first  discovered  on  the  9th  of  Sep- 
tember, 1857,  by  M.  Goldschmidt,  at  Paris,  whilst  searching  for 
the  planet  Daphne.  When  the  latter  planet  was  detected  in  18561 
it  had  passed  opposition  for  a  considerable  period,  so  that  only 
*  four  observations,  at  no  great  interval  of  time,  could  he  made 
before  it  was  lost  in  the  rays  of  the  sun.  An  approximate  ephe- 
meria  was,  however,  computed  from  these  observations  for  the 
succeeding  opposition  f  of  thia  ephemerls  M.  Qoldsehmidt  availed 
himself,  and  by  ita  assiatance,  he  considered  he  should  be  enabled 
to  rediscover  the  lost  planet  After  searching  with  consideTable 
deTotion^  he  discovered  an  object  which,  by  ita  motion  in  com- 
pmison  with  other  stars,  proved  to  be  a  planet.  This  object  was, 
therefore,  supposed  to  be  Daphne,  not  only  by  M.  Goldscbmidt, 
but  by  the  astronomical  world  in  general,  and  several  observations 
were  secured  at  ditTerent  observatories  during  the  period  of  its 
visibOity.  Elements  of  the  orbit  of  the  new  planet  were  soon 
computed,  auad  though  their  agreement  waa  not  perfect  with  those 
obtained  from  the  few  obsenatious  of  Daphne  when  first  dis- 
covered, yet  no  suspicion  existed  on  the  subject.  It  appeared, 
however,  by  the  investigatioos  of  M.  Emeat  Schubert,  who  in  the 
year  1858  had  been  engaged  to  compute  au  ephemeris  for  Daphne, 
for  the  American  Nautical  Almanac,  that  it  was  found  impossible 
to  reconcile  the  results  of  an  orbit  computed  from  the  obserratioiiB 
of  1857  with  the  obsen-ationa  made  at  the  original  discovery  of 
Daphne  in  the  preceding  year.  M.  Schubert,  therefore,  came  to 
the  conclusion  that  the  object  diiicovored  by  M.  Goldschmidt  in 
1857,  September  9,  was  in  i«ality,  n<4  Daphne^  but  a  new  member 
of  the  group  of  planetoids. 

By  the  comput«rs  skill,  therefore,  Melete  was  first  added  to  the 
list  of  mioor  planets.  In  the  order  of  discovery  it  is  placed  accord- 
ing to  th©  date  of  ita  identification  as  a  new  planet  by  M.  Schubert, 
in  1B58,  though  its  actual  detection  took  place  between  the  dates 
of  the  discoveries  of  llestia  and  Aglaia. 

Mnemosyne  @, — The  planet  MnemoB;^'ne  was  discovered  on  the 
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22ikI  of  September  by  Dr.  R.  Luther,  of  Bilk.  It  shines  in  faTOur- 
able  po.-ition9  tta  a  star  of  lli©  tenth  mag-nitude. 

Concordia  @. — The  discovery  of  Coocordia  is  also  due  to  Dr. 
Luther.  Whil^  keratinizing  the  heavens  on  the  24th  of  March, 
i860,  he  perceived  that  a  vcty  minute  object  of  the  eleventh 
tnajiinitude  liad  an  evident  planBtarj  motion.  By  comparing  it 
with  a  neighbouring  star^  he  was  soon  nblo  to  announce  it  to  the 
world  as  the  fifty-eighth  member  of  the  proup  of  planetoids.  Con- 
cnrdia  has  always  been  extremely  faint,  and  has  not  been  observed 
with  the  meridional  instrument  of  Greenwich  to  any  gi«at  extent 
Olympia  ifis). — Before  the  discoverj''  of  this  planet  it  seemed  ap- 
parent that  the  observing  activity  of  the  astronomers  hed  nearly 
exhausted  tbia  planetary  mine  in  epace ;  for  in  tlitj  preceding  two 
yeara  Mnemosyne  and  Concordia  only  were  found.  On  the  night 
of  the  12th  of  September,  1B60,  M,  Obocomac,  however,  dettK:ted 
Olympia  in  the  constellation  Cetus,  shining  ns  a  star  of  the  ninth 
or  tenth  magnitude.  This  announcement  waa  followed  by  threo 
others  within  the  short  period  of  a  month.  For  some  time  after 
thia,  discovery  iifter  discovery  was  made  at  short  intervals,  which 
taxed  to  the  extreme  all  the  energies  of  the  astronomer,  both  oJiicini 
and  amateur,  in  following  the  planets  in  their  orhita,  and  in  pre- 
paring the  necessary  epbemeridefl  for  their  identification.  Olympia 
lA  alao  known  by  the  name  at  Efpis,  particulnrly  in  Germany. 

Echo  @,— Tlri«  planet  was  found  by  Mr.  FerguBon,  at  the  Naval 
Observatory,  Waabington,  LI.  S.,  oq  the  night  of  the  i  5th  of  Sep- 
tembetj  1 86o*  It  waa  first  noted  on  the  1 4.th  as  a  star  not  on 
Chacoraac's  charte,  but  on  the  1 5th  its  motion  among  the  stars 
proved  at  once  its  planetarj'  nature.  Its  estimated  magnitude  waa 
the  eleventh. 

Dann£  (aT),— Thii  planet  waa  first  seen  by  M.  Goldachmidt  on  the 
9th  of  September,  i86a,  at  CIiatillon-sous-Bagaeui,  France.  It 
was  situated  in  the  constellation  Aquarius,  near  the  star  Lalande 
44,384.  M.  Goklachmidt  suffered  from  illness  in  tbe  interval  be- 
tween the  9th  and  19th  of  September,  wLich  prevented  him  from 
decidedly  fixing  the  planetary  nature  of  Dana*.^  l^efn^e  the  latter 
date.  On  this  day,  however,  ho  waa  enabled  to  make  complete 
observations  of  the  phinet  both  in  right  asceuaion  and  declination, 
and  to  announee  it  as  a  new  planet.  It  ^hone  as  a  titar  of  the 
eleventh  magnitude. 

Efoio  @. — The  diacorery  of  Erato  by  SOI.  Forster  and  Lesser 
at  Berlin  was  unusually  interesting,  Ou  the  first  receipt  of  the 
intelligence  of  M.  Chacomac's  detection  of  Olympia,  MM.  Forster 
and  Leaser,  of  the  Berlin  Observatoiy,  made  an  e>  tensive  series  of 
observations  of  the  supposed  new  object  with  ibe  equatorial  of 
that  obpervatory.     After  the  usual  reduction  of  :he  observations, 
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the  ligltt  aacenHons  and  declintttiona  were  published  in  OctoW  in 
the  AdroHomigche  JVot'Aj'iVAi'cw,  aa  belonging  to  Chaconuic'a  plnnet. 
Oo  compttriaif  these  iwultfl  with  those  of  other  obj*en'er8,  MM. 
Fdreter  and  LBSser  found  a  total  disAgreemeut  between  them. 
These  astrooomeis  were  at  once  convinced  tbat  tbey  hod  been, 
from  September  14  to  October  10,  uncon^eiouftiy  observing  a  diH- 
tinct  planet.  The  estmiBtcd  majsrnitude  of  Erato  at  the  time  of 
discovery  vraa  the  eleventh.  If  we  fix  the  dttte  of  the  first  detec- 
tion of  Erato  for  September  14,  no  leas  than  four  minor  planeta 
were  added  to  the  known  members  of  the  solar  gjatem  in  a  week ; 
an  event  unprecedented  in  the  history  of  planetAry  discoveiy. 

AuBOftia  @. — The  planet  Ausuuia  was  tiret  aeen  bj  M.  de 
OaspfuriB,  at  Naples,  on  the  night  of  the  loth  of  Fehnmrv;,  1861, 
gbining  with  the  brilliancy  of  a  star  of  the  tenth  magnitude.  Ita 
motion  in  the  heavens  waa  det«)cted  by  comparing  it  with  Weisae 

XL  120. 

Ajifjelinn  >«). — A  telegmphic  despatch  from  Maneillee  appeared 
in  the  Bulletin  of  M.  Le  Vt^rrier,  aimoundng  the  discovery  of  a 
new  planet  on  the  4th  of  March,  1861,  by  M.  Tenipel.  It«  mag- 
iiitude  was  et^timated  ah  the  tenth.  The  name  Angelina  refei^  to 
Zoch^ii  aatronymicol  station  at  Notre  Dame  desi  Ange^,  near 
Al&Tgieilles. 

Cybtk  (gi. — The  diacovery  of  Cybele  is  al«o  due  to  M.  Tempel, 
of  Maraeillea.  When  hrat  noticed,  00  the  a^tb  of  March,  id6l,  it 
was  in  the  imme^liate  neighbourhood  of  Angielina.  The  plauet> 
magnitude  waj*  between  the  tenth  and  eleventh,  and  the  star  of 
oomparison  was  Laknde  12,905.  Cybele  u  licciaionally  called 
Mtutimilitma. 

Maia  @.— The  planet  Maia  waa  discovered  at  the  obaenatory 
of  Harvard  Collng*ij  Ciimbridge,  U.  S.,  by  Mr,  IL  P,  Tuttle,  on  the 
night  of  the  9th  of  April,  1  ii6l.  Its  plaiietary  nature  waa  identi- 
iied  by  compajing  it  with  No.  76  of  the  Harvard  zones.  The  mag- 
nitude of  Maia  when  iirat  aeen  was  very  amaU,  being  no  great^c 
than  the  thirteenth. 

Asia  @.— This  planet  wa*  fotmd^  like  each  of  those  previoualy 
discovered  by  Mr.  Pogson,  by  meims  of  hie  own  nianttacript  charts, 
and  not  by  mere  gleaning  in  celestial  tielda  provioudy  tni^ped  out 
by  other  astronomers.  Mr.  Pogson  first  oh««:rved  Asia  at  Madras, 
on  the  17th  of  April  1861,  it  being  at  that  time  between  the 
eleventh  and  twelfth  magnitudes.  The  name  of  Asia  was  aelec'ted 
as  a  titting  record  of  the  firal  plaDetaiy  diaco^-exy  made  in  that 
quarter  of  the  globe. 

Lettf  (i^j.— Dr.  R.  Luther  found  Leto  nt  the  Bilk  Observntory, 
near  midnight  on  the  29th  of  April,  1861,  by  comparing  the  new 
object  with  a  known  star  catalogued  by  M.  Rdioker. 
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Sffiperm  («). — Heapcria  was  first  obsenred  by  M.  Scbiftparelli,  Ht 
Milan,  iilso  on  the  29th  of  April,  1 86 1 .  At  the  time  of  discovery 
the  planet  was  only  9'  distant  from  Auftonia,  for  which  it  was  at 
firat  taken, 

Panopca  @. — M.  Goldichraidt  detected  this  planet  on  the  5th 
of  May,  ]  86 1 ,  at  Fontenay-aux-Ro^es,  near  Paris.  The  magnitade 
was  between  the  tenth  and  eleventh.  Thia  is  the  fonrte*^nth  and 
last  planet  discovered  by  thia  indefatifrable  observer.  The  optical 
means  in  the  possession  of  the  late  M.  Goklschuiidt  were  never 
great,  bia,  diacoveriea  having  been  nuide  vnth  telescopes  whoge 
object^glafises  were  only  of  2,  2'^,  or  4  inches  aperture.  It  is  truly 
ftstonifihing  that  an  aniateur  aatrononier,  an  arti»t  by  profession, 
f>hoiild  have  been  able  to  detect  ho  large  a  number  of  a  cluas  of 
objectSj  njoiit  of  w^hich,  from  their  extreme  faintneeia,  have  tnxed 
to  the  utmost  officml  astronomt*rs  to  obspne,  even  with  larjie 
lixed  telescopes.  The  Rev.  R.  Mftin,  RadclilFe  fthserver  at  Oxford^ 
hm  remarked  that  "  none  of  M.  Goldachmidt's  telescopes  were 
mounted  equatorially,  but  that,  in  the  greater  number  of  instance?, 
they  were  pointed  out  of  a  window  which  did  not  command  the 
whole  of  the  eky ;  and  I  leave  you  to  fnnn  your  own  opinion  of 
that  fertility  of  invention  and  resource,  that  steady  determinntion 
to  conq^iier  apparently  insurmoun table  dilRculties,  the  untiring  in- 
dustry, and  the  never-failing  sceal,  which  realised  such  splendid 
results  with  such  inadequat-e  means."  ' 

Niohe  @. — Dr.  R.  Luther  discovered  Niobe,  at  Bilk,  on  the  even- 
ing of  the  I  Jth  of  August,  1 86  r ,  He  eHtimated  the  mt^ittwle  to 
be  about  the  eleventh. 

Fmrtmia  @. — This  obj  ect  was  first  observed  by  Dr.  C.  H.  F.  Peters, 
of  Hamilton  College,  Clinton,  U,  S,,  on  the  29th  of  May^  1 1*6  J ,  tor 
the  planet  Maia ;  but  it  was  6uK«^eqaently  found  by  IStlr.  StdlVird,  of 
Cambridffe,  U.  S..  to  be  really  another  plunet.  Profesieor  G.  P, 
Bond  has  communicated  the  followini;;^  interesting  account  of  Mr» 
SalfortVa identification  of  Feronia.  "Having'  had  uccasion  to  refer  to 
the  positions  of  Maia  obtained  by  Dr.  Peters  at  Hamilton  College, 
Mr.  Safford  was  surprised  to  find  that  only  three  of  the  series, 
namely,  the  places  for  1861,  May  9,  1 1 ,  and  1  z,  could  be  reconciled 
with  the  Cambridge  (U.  S.)  obsen^ations.  A  reference  to  Mr. 
Hail's  ephemeris  of  Maia  showed  that  it  repreat-nted  the  Cambridge 
obsenations  of  Mida  from  April  9  to  May  %j,  nine  in  number,  and 
also  the  firat  three  of  those  of  Dr.  Peters,  but  that  it  did  not 
represent  the  later  observations  of  Dr.  Peters.  It  was  at  onee 
ponjectured  that,  in  the  interval  between  May  12  and  Mny  29, 
when  clouds  and  moonlight  intc^rvened  to  prevent  a  close  follo*w- 
iog  of  Maia,  which  was  only  of  the  13th  magnitude,  Dr.  Peters 
had  lost  its  trace,  and  on  resuming  his  ob^ervaticms  had  fallen  on  a 
new  planet." 


230 


ASTROXOMY. 


Cftffie  @i.— This  planet  was  detected  by  Mr.  Tuttle,  Bt  C'ambridga^ 
U,  S.,  on  the  morning  of  April  8  (3''  a.  m.},  1862,  It  ^as  of  the 
twelfth-  mojj^itude. 

Galateo  @. — OaJntea  wo?  first  seen  by  M.  Tempel,  at  Marseille5i. 
on  the  eveiiiflg  of  the  29th  of  Aug-uat,  1S62,  the  piaoet  being  of 
the  eleventh  magnitude* 

Eurydice  @.— Dr.  C.  H.  F.  Peters  discovered  this  plntiet  on  the 
22nd  of  Septernher,  1862,  at  Clinton,  U.  S.,  shining-  as  a  star  of  the 
eleventh  magnitude. 

Freia  @. — The  plfinet  Frein  was  firsst  observed  by  Pr»ifea9or 
P' Arrest,  at  Copenhagen,  on  the  2l8t  of  October,  1  862.  It  woa  of 
the  twelfth  ma^mitude. 

Friffga  (^tt). — 1  Jiscoveretl  bj  Dr,  G*  IL  F.  Peters,  oa  the  12th  of 
Kovemher.  1862,  »»t  Clinloru  U.  S. 

Ihiina  (t»). — The  planet  Diana  was  found  by  Dr.  It.  Luther,  who 
first  saw  it  on  the  I  5th  of  March,  1863.  Its  estimated  Diflgi3itud»* 
was  the  tenth. 

Ewrynome  ^. — Euryaome  was  discovered  by  Mr,  Watson,  at 
Ann  Arbor,  Miehigan,  U.  S,,  on  the  1 4th  of  September,  1  S63,9hininr.' 
ns  A  star  of  the  tenth  magnitude.  M.  Tenipel,  of  Maraeillea,  mudf 
ftti  independent  di-scovery  of  this  phinet  <m  L>etob».*r  1 3. 

Snppho  @. — The  plumet  Sappho  was  found  at  Madra.",  by 
Mr.  I'ogson,  on  the  31^  of  May,  1^64.  ltd  estimated  magnitude 
was  the  eleventh. 

Ttrpmehore  @. — This  ia  the  fourth  planet  diac^vered  by  M. 
Tempel,  of  Jrarseilles,  It  was  lirat  noticed  on  the  30th  of  Sep- 
tember, 1864,  the  magnitude  being  the  tenth. 

AlcTnene  @.—iy\sciy\eTe^d  by  l>r.  11.  Luther,  on  the  27th  of 
Xovembir,  1 864,  at  about  9^  h.  in  the  evening.  Its  estimatod 
magnitude  was  the  eleventh. 

Beatrix    (w).    Thia  minor  planet  wa«  first  observed  by  M.  de 
Gasparis,  at  Naples,  on  the  26th  of  April,   1865.    Its  plnnetmy 
nature  was  deteeted  by  compiirisous  of  its  position  with  that  ofJ 
\Veii»se  xiii.  1 3.     Tlie  planet  shone  equal  to  a  star  of  the  tenth  or 
eleventh  magnitude* 

Clio  (mi. — This  planet  is  another  of  Dr.  E.  Luther'3  discoverie*. 
It  waa  first  observed  on  the  25U1  of  August,  1 865,  shining  as  a  etayj 
of  the  tenth  magnitude. 

lo  ©.—Discovered  by  Dr.  C.  R  F.  Peters,  at  Clinton,  U.  8.,  on 
the  19th  of  September,  1 865.  It«  eE»tiaiftted  magnitude  wa«  the 
tenth. 

SemeU  0. — The  planet  Semole  was  detected  at  Berlin,  by 
Dr  Tietjen,  00  the  6th  of  January,  1 866,  while  se*irching  for  lo. 
It  was  a  very  faint  object,  \ts  magnitude  bein^  the  twelfth. 

*Syhnn  @.— Discovered  by  Mr.  Pogson,  at  Madras,  on  the  1 6th 
of  May,  1866. 
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Tht:ibe  0,— Diacovered  by  Dr.  0.  H.  F.  Peters,  at  Clinton,  U.  S,, 
un  tlie  151)1  of  June,  1866. 

@. — DiscoTered  by  M,  Slepbaiij  at  Marseilles,  on  the 
6th  of  Auga«t,  1 866, 

AfUhjw  {9u). — This  u  the  Ji/temth  planet  discovered  by  Br.  B. 
Luther,  who  now  BtAnda  at  the  head  of  planet-diseoverers,  having 
eieeeded  the  nunilie^  of  the  late  M.  Gnldi*ebmidt  by  one.  This 
planet  was  first  observed  on  the  ist  of  October,  1 866. 

@. — Diaoovered  by  JL  Sti^phnn  on  Xov.  5  (z*"  a.m.),  1 866. 

373.  ]leor«afle  In  brlpbtne«s  of  snoceMlve  rronpa  of 
plaDetoldm.— It  is  ven^  prE>bAblt>  that  nt^arly  all  the  bnghter 
raembere  of  this  remarkable  group  of  minor  planets  have  now  been 
di^jovtted,  and  that  those  remaining  will  require  the  best  optical 
means  for  their  detection.  Notwithstanding:,  however,  the  extreme 
minuteness  of  these  objects,  and  the  excesaive  delicacy  of  observa- 
tion req^uired,  there  doi-s  not  appear  to  be  any  fallinjr  off  in  the  leal 
of  those  observers!  who  have  particularly  devoted  thenjsehes  to 
thia  clnM  of  astronomical  labour.  Year  after  yertr  adds  new  nnnies 
to  the  known  memlwrs  of  our  solar  eystein.  As  migrht  have  been 
expected,  the  brightest  members  were  gt'nerally  found  tirst,  the 
four  discovered  in  the  beginning  of  this  centnry  having,  at  opposi- 
tion, magnitudes  varying  from  the  sixth  to  the  eighth.  Ah  nn 
illustration  of  the  gradnal  decrease  in  brightness  of  successive 
groups  of  these  smull  bodies,  we  have  collected  their  mean  op- 
pOflhioD  magnitudes,  and  formed  them  into  grnupa  in  order  of 
diiooTery.    The  result  ia  exhibited  in  the  following  table  :-^ 


arouy. 
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Again,  we  hare  tnade  a  similar  operation  with  regard  to  the 
planets'  mean  distances  from  the  sun,  and  have  found  that  a  very 
strong  tendency  is  shown  in  the  sfime  direction.  Taking  the  first 
twenty  planet*  in  order  of  discovery,  their  mean  distance  from  the 
suD,  that  of  the  earth  being  tinity,  is  252  j  in  the  second  twenty  it 
it  2'6j  ;  in  the  third,  Z'6B  ;  and  in  the  fourth,  271.  These  num- 
bers would  seem  to  indicate  that  the  day  of  finding  these  minute 
objects  with  very  small  teJescopAs  is  gone,  and  that  oh<»erver!*  in 
future  will  gcarcidy  hope  to  succeed  in  adding  to  the  list,  unless 
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they  liftve  nt  comuiiuKl  instrumenta  furniebed  with  object -glasses 
<if  conaiderftble  Bperture, 

374.  HopitoKte  AimewcH99m — We  huve  mentioDed  Inciden- 
tally thut  scTerai  of  the  pliiuets  in  the  preceding  liat  have  been  dis- 
covered by  two  or  more  observers  indepndt*ntly.  This  gives  a 
good  practical  iilustraiioQ  of  the  carefiil  methods  ndopt«d  in 
e<?arcl»ing  for  these  bodies.  For  example,  Irene  waa  first  &eea  by 
Mr.  Hind  on  the  19th  of  May,  1 8  5  1 ,  and  by  M.  de  Gndpiuia  on  the 
23rd  of  Mny.  Mat>mlia  woa  tirst  observed  by  M.  de  Gaeparis  on 
the  19th  of  September.  1 852,  and  by  ^i.  Chfl comae  on  the  20tb  of 
September;  whilst  Anjphitrite  waa  disrovered  weparately  by  no 
le«s  than  three  observere;  by  Mr,  Marth  on  the  I  at  of  March, 
1854,  by  Mr.  Pogson  on  the  2nd  of  March,  and  by  M.  Cbacomac 
on  the  3rd  of  March.  One  or  two  others  were  also  found  indepen- 
dently by  two  observera,  but  the  interval  of  time  between  the  two 
discoveriea  was  longer  than  those  mentiontjd  above  ;  for  inatoiice, 
Virginia  was  discovered  by  Dr,  R.  Luther  on  the  19th  of  October, 
1857,  before  the  intelligence  of  its  previous  disirovery  on  the  4th  of 
( October  was  received  from.  Anienca ;  nnd  Eurrnonie  was  siniibirly 
ub&erved  by  M.  Tempei  before  information  had  reached  him  of 
its  discovery  by  ^It.  Wntson  neariy  a  month  previouisly. 

375.  JLrraiir^iiieiit  for  coatixmoaa  o1>i«rvA,ttoiia.^ — When 
the  number  of  minor  planetf)  was  smtdl,  no  dilHciilty  was  expe- 
rienced in  fixed  obaervntoriea  in  obtaininj^  a  sudieient  number  of 
obaervfltiona  of  each  object  for  the  dptermination  and  correction  of 
the  elements  of  ite  orbit.  Whun  the  number,  bowev«r»  had  in- 
creased to  an  extent  which  waa  found  to  interfere  serioudy  vi-ith 
the  ordinary  astronomical  work,  the  directors  of  the  principal 
observatoriea  agreed  that  some  mutoal  arrangement  ought  to  be 
made  for  their  continuoua  obaer^ation.  At  first,  a  selectiuo  of 
eight  was  made  aa  the  Bpeciial  charge  of  each  establishment.  At 
the  Royal  Observatory,  Greenwich,  all  which  werepronded  with 
a  tolerably  correct  ephemeris  were  assiduoualy  observed.  This 
labour  eventually  became  so  great,  that  a  mutual  understanding, 
or  convention,  took  place  between  the  Aatronomer  Royal,  on  the 
part  of  the  Royal  Observatory',  and  51.  Le  Verrier,  on  that  of  the 
imperial  Obaervator}-  of  Parie,  to  divide  the  observations  of  minor 
planets  between  the  two  national  observatories.  This  c*jnvention 
waa  drawn  up  in  the  year  1863,  by  which  it  wm  agreed  that  all 
the  minor  planets  which  passed  the  meridian  between  10  p.m.  and 
t  A,M»  in  the  firtiit  half  of  the  hmation  should  be  observed  at 
Oree-nwich,  and  ihuse  which  culminated  btitween  the  same 
hours  in  the  second  half  of  the  lunation  should  b©  obsei*ved  at 
Paris.  This  arraogymeiit  haa  been  trotitinued  with  grent  success, 
all  the  obaeiv  ationi  and  itisultfi  being  published  in  the  Grevawich 
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AdrOHomical  Observaticni,  and  also  in  tho  Annaies  tie  T  Obiervatoire 
Imperial  de  Paris.  The  niin or  planets  are  tkho  obaenred  witH  great 
reipilftritT  at  most  of  the  principal  foreign  obsenratorieSi  particu- 
larly  ftt  Waehiniiirtcjn,  Leyden,  Berlioj  &c. 

376.  Zeal  of  tbe  dUco7«r«ra>— A  glance  at  the  namea  of  the 
B^tnmouiera  who  have  diatingQiahed  themselvvii  in  the  dincoTery 
uf  the  mioor  planets,  will  give  §ome  idea  of  their  unbounded  energy 
and  seal  in  the  prosecution  of  their  labours.  It  is  difficult  to 
realize  in  one'a  mind  the  conatant  examiDation  of  the  heaTeno,  or 
the  hours  of  anxious  watching^  required,  before  one  of  these  small 
bHCHiiea  can  be  identified  as  a  planet.  Hanj  of  our  most  frukful 
diiacoverers  have  only  succeeded  after  mapping  down  every  mioute 
Btar  in  certain  limited  zones  in  the  heavens.  Eveo  in  thia  work 
they  may  have  spent  houm  on  every  dear  nifrht  for  many  montha 
before  receiving  the  reward  of  their  difficult  and  hnrasning  enaploy- 
ment  For  our  knowled^  of  the  existence  of  these  small  items  of 
our  solar  eystemii  we  are  indebted  to  Dr.  R.  Luther  for  djo  less  than 

Jiftien  ;  to  M.  Goldaehmidt,  fourteen;  to  Mr.  Hind,  tail  to  M.  de 
GaspHria,  nine;  to  M.  Cliaoomac  and  Mr.  Pogton,  six  eachj  to 
Dr.  C.  IL  F*  Peters,  Jij?e ;  to  M,  Terapel,  fmr ;  to  Mr.  Ferguson, 
three  \  to  MM.  Olbere,  Hencke,  Tuttle,  and  Stephan,  t-wo  each  ;  to 
MM.  Piazri,  Harding,  Graham,  Marth,  Laurent,  Searle,  Schia- 
parelli.  D'Arrr^st,  Watson,  and  Tietjen,  07*6  ©acb  j  and  finally  to 
MM.  Forster  and  Leaser,  oiw  jointly. 

377,  Tli«  remarksi.t»l«  aocoraiise*  of  tlie  pt»iietoiai  wltb 
Br.  Olbera'  lirpotbesta.— The  orbilti  of  the  planetoids  are  all 
compriaed  between  the  mean  distancea  1'2  and  3*5,  that  of  the 
earth  being  j  'o.  The  magxtitudea  of  all  these  bodies,  with  one  or 
two  exceptions,  are  too  minute  to  be  nacertained  by  any  means  of 
nieasun^ment  hitherto  discovered,  and  raay  be  inferred  with  great 
probability  not  lo  exceed  1 00  milod  in  diameter.  The  largest  of 
the  j^up  IB  probably  lesa  than  500  milea  in  diameter,  while  those 
which  are  considered  the  moat  minute  are  supposed  to  be  only  a 
few  milea  in  diameter.  It  cannot  fail^  therefore,  to  be  observed  in 
how  remarkable  a  mnnner  the  planetoids  generally  conform  to  the 
conditiona  involved  in  the  hypothesis  of  Br.  Olbers. 

377  a.  Mutttal  relattona  botween  Ui«  orbits  of  Uie 
plauetolda. — It  cannot,  however,  be  <leiiied  that  there  ia  much 
uncertainty  in  maintaining  thh  theory  of  Dr,  Olbera  a$  the  true 
origin  of  that  ring  of  small  bodies  between  Mara  and  Jupiter.  The 
hypothjwis  of  their  being  shattered  fragmente  of  scniie  brilliantly 
large  planet,  which  might  hfive  bren  the  focus  of  a  great  catastrophe 
couatlesa  ages  ago,  mtiy  or  may  not  be  true  ;  but  the  researches  of 
modern  mathematicians  certainly  do  not  appear  to  justify  our 
receiving  it,  except  0D]y  as  a  possible  OMumption.    Mr.  Newcomb, 
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an  American  ajtronoraery  lifts  discumed,  with  great  cl*'ftmesg,  the 
nmtuftl  relations  and  secular  variations  of  the  orbits  oftheplRn>*toidH, 
and  he  coDsiders  that  Dr.  Olbera'  celebratetl  hypotheaig  has  the 
adTODtage  of  apparently  accounting-  for  the  phenomena,  considered 
in  their  mero  salient  aspt^cta,  in  a  very  remftikahlo  manner.  For 
if  we  consider  the  phenomenon  of  the  pliwe  of  a  single  larpe  planet 
heing"  fillet!  by  probably  hnndreda  of  amall  ones  of  different  mjifmi- 
tndea,  some  with  larg-e  inclinations  and  excentricities,  and  wh<jse 
mean  distances  differ  but  slijyhtly,  we  might  naturftlly  expect  such 
a  result  to  &n»fi  from  tlie  force  necessary  to  break  the  plwnet  int<i 
numerous  fragments,  each  very  small  in  coraparij-on  with  the 
original.  Mr.  Newconih  remarks :  **  We  shall  see  that  when  we 
carry  the  results  of  this  h>"pothe-?i9  to  nuniericfll  cxactnesa^  th«3 
ob'terved  phenomena  are  very  far  from  agreeing  with  this  idea. 
MoreoTer,  it  h  ditlicnlt^  perhaps  impossible,  to  imagine  how  any 
knowB  natural  cause,  or  combinarion  of  cause?,  should  produce 
auch  a  result  aa  a  ahattering  of  a  planet.  But  since  the  liniits  of 
our  knowledge  are  not  neceasarily  the  limits  of  possibility,  thia 
objection  is  not  fatal,  and  it  is  difficult  to  say  what  weij^ht  oupht 
to  he  aaeigned  for  it*'  In  this  elaljorate  investigation,  Mr.  Newcomb 
lias  discuBaed  the  possibility  of  the  orbits  of  all  the  planetoids 
having  once  intersected  iu  a  common  point,  and  whether  they  hare 
ever  been  materially  affected  by  a  resisting  medium.  Ho  has  also 
computed  the  relations  between  the  mean  distances,  excentridtieR, 
and  inclinatioua  of  tho  orbits ;  and  also  between  the  masses  and 
the  velocities  with  which  they  mu.^t  have  been  projected,  if 
Olbers'  hypothe«is  be  true.  The  conclusion  to  which  Mr.  Newcomb 
has  arriveil  Ls,  that  thouirh  there  are  some  peculiarities  in  the 
mutual  relations  between  tlie  orbits  of  the  planetoids  which  mig-ht 
favour  this  hypothesis,  yet  there  are  a  far  greater  number  of  cases 
which  undoubtedly  negative  the  asstuaption.  Taking",  however, 
the  break  in  Bode's  law  as  an  argument  in  support  of  a  shattered 
planet,  them  are  mnny  astronomers  still  inclined  to  regard  it  as  a 
subject  open  to  spi^culation. 

378,  Force  of  gravity  on  tb©  planetolda, — From  the  minute- 
ntisa  of  their  ma&ses,  the  force  of  gravity  on  the  surfaces  of  these 
bodies  must  be  very  inconsiderable,  and  this  would  account  for  a 
much  greater  altitude  of  their  atmospherei?  than  is  observed  on  the 
larger  plfiuiets,  since  the  same  volume  of  air  feebly  attracted  would 
dilate  into  a  Tolume  comparatively  enormous.  Jluscular  piwer 
would  be  more  efficacious  on  them  in  the  same  proportion.  Thus 
a  man  might  spring  upwards  sixty  or  eighty  perpendicular  feet,  and 
return  to  the  ground  suataininpr  no  greater  shock  than  would  he  felt 
upon  the  earth  in  descending;  from  the  beig:ht  of  two  or  three  feet. 
*'0n  such  planets/'  observes  Herschel,  "giants  might  exist,  and 
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those  enormoua  animals  which  on  earth  rc^iuire  the  buoyant  p^ower 
of  water  to  counteract  their  weight," 


CHAPTER  XVL 

THE  MAJOR  FLAK  Era. 
I,    JUTITER. 


379.  JoTi&ii  Brstem* — PjLssiDg  across  the  wide  spnce  which 
lie*  beyond  the  range  of  the  planets,  which  with  the  earth,  revolve 
as  it  were  under  thu  wing  of  the  Birn,  —  &  spnce  which  was  regflrded 
Afl  an  anoinalous  desert  in  the  plonetflry  regions  until  coDtemporKry 
explorers  fatind  there  what  seem  to  be  the  ruina  of  a  ehattered 
world;  —  we  arrive  at  the  theatre  of  other  and  more  stupendous 
coamical  phenomena.  The  aucceasion  of  planets,  broken  hy  the 
absence  of  one  in  the  place  occupied  by  the  planetoidj?,  is  resumed, 
and  four  orbs  are  found  constructed  upon  a  conipRratively  Tit;mic 
scale,  each  attended  by  a  splendid  system  of  moona  presentmg  a 
miiiiatuire  of  Lbe  Bolar  ey*tem  it*elf,  and  revolving  round  the  common 
centre  of  light,  heat,  and  attraction  at  dlstancea  which  almost  con- 
found the  imagination. 

380.  Period.  — The  Bvnodic  period  of  Jupiter  m  ascertained  by 
obaervfttion  to  be  about  399  days.  Its  sidereal  period  is  433  2 '6 
days,  or  1  r86  years, 

381.  l»utaiio«  from  the  sun. — Tlie  mean  distance  of  Jupiter 
froiu  the  aun  h  about  ^  J  times  that  of  the  earth,  and  since  the  earth's 
mean  distance  iti  91^  miiliona  of  miles,  that  of  Jupiter  must  be 
47  5  J  millions  of  railea. 

The  excentricity  of  Jupiter's  orbit  being  0*048)  this  distance  is 
liable  to  variation,  being  augmented  in  aphelion  and  diminiflhed  in 
perihelion  by  23  millions  of  milea.  The  greatest  distance  of  the 
planet  from  the  sun  is  therefore  498,  and  the  least  453  millions  of 
milea, 

The  small  eccentricity  of  the  orbit  of  this  planet,  combined  with 
its  small  inclination  to  the  plane  of  the  ecliptic,  is  of  great  inipor'- 
tance  in  its  efPeet  iu  limiting  the  disturbances  consequent  upon  its 
masS|  which  is  greater  than  the  aggregate  of  the  masses  of  liH  the 
other  planets  primary  and  secondary  taken  together.  If  the  orbit 
of  Jupiter  bad  an  excentricity  and  inclination  as  considerable  as 
those  of  the  planet  Juno,  the  perturbations  produced  by  his  mass 
upon  the  motions  of  the  other  bodies  of  the  system,  would  be 
twenty-seven  times  greater  than  they  are  with  its  present  small 
excentricity  and  indkiation. 
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382.  S«lative  i«al«  of  tbe  i>rblu  of  Japitar  aad  tbo  eartlu 

—The  relative  magTiitudes  of  the  diBtauces  of  Jupiter  and  the  earth 
frotn  the  auu,  and  the  apparent  magnitude  of  the  orbit  of  tise  earth 
as  se^n  fi\>m  Jupiter,  are  represented  mjiff.  65,  where  the  planet  is 
at  jr,  the  siuj  at  s,  and  the  orbit  of  the  earth  k  e'  e^"  b". 

The  direction  of  the  orbital  motions  beiui?  represented  by  tbe 
arrowd,  it  wOl  be  evident  that  when  the  earth  ia  at  e  the  pioaet  w 
in  oppoBitiuii,  at  e""'  in  conjunction,  at  e'  in  quadrature  west,  and  at 
b'''  in  rpjjKiratare  east  of  tbe  aun. 

383.  Its  prodi^ona  eriiltal  velfwlty,  —  The  Telocitiea  with 
which  the  planets  movo  tbr(>iij;j:h  spiu  li  in  their  circumsolar  courses 
are  on  the  Bame  prodigious  scale  ««  their  distances  and  magnitudeti. 
It  is  impgeeible,  hj  tbe  mere  numerical  exprea«ion  of  these  onor* 
moua  magnitudes  and  motions,  to  ftLqiiiire  any  tolerably  clear  or 
distinct  notion  of  them,  A  cannon  ball  moving  at  the  rat«  of  500 
milee  an  hour  would  take  nearly  a  eeutury  to  come  from  Jupiter  to 
the  earth*  even  when  the  planet  is  nearest  to  us,  and  a  steam-engine 
mo\in|i:  on  »  railway  at  yo  miles  an  boiir  would  take  nine  eentxiries 
to  perform  the  same  trip. 

Taking  the  diameter  of  Jupiter's  orbit  at  1000  millions  of  mile^i, 
its  circumference  is  above  5000  millions  of  mJlea,  which  it  moves 
over  in  4353  days.  The  distance  it  travels  is,  therefore,  about 
700,000  milea  per  day,  30,000  per  hotir,  500  per  minute,  and  Bj,  per 
second,  —  a  speed  sixty  times  greater  thou  that  of  a  cannon  hall 

384.  Tuplter  liaa  no  aenslble  ptiAa««. —  The  mere  LDspectiou 
of  the  iiiaj,rraiii,^i^.  6j,  will  show  that  this  planet  cannot  be  aensibly 
gibbous  in  oiiy  position.  The  position  in  which  tbe  enlightened 
hemisphere  is  in  view  most  obliquely  is  when  the  earth  ia  at  e'  or 
e",  and  the  planet  consequently  iu  quadrature,  ami  even  tben  the 
centre  of  the  risible  hemisphere  is  only  11°  distant  from  the  centre 
of  the  enlit'htened.  hemiaphere. 

38^.  Appearmoce  la  tiie  flmamoiit  mt  Blrbt.  ^  Since 
between  qmidTature  and  opposition  the  planet  is  above  the  horizon 
during  the  greater  part  of  the  nipht,  and  appears  with  a  full  pbase^ 
it  ia  thus  favourably  placed  for  observation  during  6  montbs  in 
1 3  month  »- 

386.  StfttioDfl  aad  retracreaaloD.  —  From  a  comparison  of 
the  orbital  niotiona  and  distance  of  Jupiter  and  the  earth,  it  appears 
that  the  planet  is  rtationary  at  about  two  months  before  and  two 
months  after  opposition ;  and  sui&e  tlie  earth  gains  upon  the  planet 
at  the  daily  rate  of  o°'902,  the  angie  it  gains  in  two  months  or  sixty 
days  must  be  54"- 1  z.  The  angitlar  dif^tone©  of  the  points  of  sta- 
tion ftom  opposition,  as  seen  from  the  sun,  is  therefore  about  54®, 
which  corresponds  to  an  elongation  of  1 1 4.°, 

The  planet  ia  therefore  stationary  at  about  66'^  on  each  side  of  ita 
opposition. 


■ 


234 


ASTRONOMY, 


Its  arc  of  retrogreBsion  is  a  little  less  tb&n  i  o^,  and  the  timo  of 
deacribing  it  Titi-ies  from  1 1 7  to  1  25  dajs, 

387.  Apparent  and  real  dliuiietera.  —  The  appnreiiit  diameter 
of  Jupiter  when  in  opposition  viiries  from  42"  to  48",  according 
to  tlio  rt'lative  positiona  of  tlie  planet  and  the  earth  in  their 
elliptic  orbits.  At  ita  mean  opposition  distance  from  the  earth  its 
apparent  magnitude  is  45'',  In  coDJiiDLtion  the  ni«an  apparent 
diameter  is  30",  ita  viilue  at  the  mean  distance  fi-om  the  eartk 
being  374". 

According  to  the  most  accurate  methoda,  the  mean  diameter  ia 
aacertained  to  be  84,846  miles.  The  diameter  of  Jupiter  is  there- 
fore 10'70  times  that  of  the  earth. 

388,  Jupiter  a.  copspicaoua  object  In  tta.e  llrmament  — 
relative  Bplendour  of  Jupltor  and  HXara*  —  Althougrh  the 
appai'eut  mu^nikude  of  Jupiter  ia  ief*d  than  that  of  Venus,  the  foiiiier 
is  a  more  conspicuous  and  more  easily  observable  object,  inasmuch 
aa  whan  in  opposition  it  is  in  the  meridian  at  midnight,  and  when 
ita  opposition  takes  place  in  winter,  it  passes  the  meridian  at  an 
altitude  nearly  equal  to  that  which  the  Bim  has  at  the  aumnier 
Bolstice.  By  rea^jn,  ihererore,  of  this  circumstance,  and  the 
complete  absence  of  all  solar  light,  the  eplendour  of  the  planet  is 
very  great,  whereas  Venus,  even  at  the  greatest  elongation, 
deacenda  generally  near  the  horizon  before  the  entire  cessatioa  of 
twilight. 

The  apparent  fplendour  of  a  planet  dependa  conjointly  on  the 
apparent  area  of  its  disk,  and  the  inten&ity  of  the  ilhmiinatioii  of  ita 
surface.  The  area  of  the  diak  is  proportional  to  the  isqiiare  of  its 
ftppnrent  diameter,  and  the  illuminatioa  of  the  aurface  depends 
conjointly  on  the  intensity  of  the  lun's  light  at  the  planet,  and  the 
reflecting  power  of  the  aurface.  On  comparing  Mars  with  Jupiter, 
we  tind  the  apparent  splendour  of  the  latter  planet  much  greater  than 
it  ought  to  bcj  aa  compared  with  the  former,  if  the  reflecting  power 
of  tbe«e  surfaces  were  the  aame,  and  are  consequently  compelled  to 
conclude  that  the  surface  of  Mara  is  endowed  with  some  physical 
quality,  in  virtue  of  which  it  absorbs  much  more  of  the  solar  light 
incident  upon  it  tlian  that  of  Jupiter  does.  WTien  the  appi\rent 
diameter  of  tlie  latter  is  twice  that  of  the  former,  its  apparent  area 
M  fourfold  that  of  the  former.  But  the  intensity  of  the  solar  light 
ftt  Jupiter  is  at  the  same  time  about  thirteen  times  lesa  than  at 
Man  J  and  if  the  reflective  power  of  the  siirfaces  were  equal,  the 
^ppiuneiit  splendour  of  Mars  would  be  more  than  three  times  that 
of  Jupiter.  The  reflective  power  must,  therefore,  be  leas  in  a 
suiicient  proportion  to  explain  the  inferior  splendour  of  Mara,  unless, 
indeed,  the  very  improbable  supposition  be  admitted  that  there  may 
be  a  source  of  light  in  Jupiter  independent  of  solar  illuminatioa. 
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389.  BurAee  and  volume.— The  aurfftce  of  Jupiter  Is  above 
I  t  ^  tiiDies^  and  ite  volume  about  1  233  times,  those  of  tLe  efLrth. 

To  produce  a  ^:lobe  such  aja  that  of  Jupitt^r,  it  wuuld  he  ne* 
oeasary  to  moulii  ioto  a  aiogk  g^lobe  1 235  globes  like  tbat  af  the 
earth. 

The  relative  mftfrnitudes  of  the  globes  of  Jupitef  and  the  earth 
are  represented  iJi  j%.  66  by  J  and  e. 


Ft  j.  66. 


390.  fivlu-  llflit  and  beat.  —  The  mean  diatance  of  Jupiter 
from  the  sun  being  52  tiiiU'S  thiit  of  the  earth,  the  flpj^Hirent 
diameter  of  the  aun   to   the  inhabitanta  of  that  planet  will  be 


less  tbnji  its  apparent  diameter  at  the  earth  in  the  proportion  of 
52  to  I.  The  relatiTe  apparent  niagnitudos  of  the  disk  of  the 
aim  at  Jupiter  and  at  the  earth  are  represented  in^,  67  at  £  and  /, 
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The  deiwity  of  Bolar  radiatioE  being  in  tlie  exact  proportion  of 
the  nppareut  superficial  mugiiitiideB  of  the  disks,  the  iliuminatiiig 
and  heating^  powers  of  the  sun  will,  cet^n^s  panbuSf  be  less  in  tho 
8Ame  proportion  at  Jupiter  than  att  the  earth. 

An  has  been  already  observed,  however,  this  dimlniahed  power 
ta  well  of  illiimination  &£  of  waimtb^  may  be  compensated  by  other 
physical  provisions. 

391.  m^tAtlon  and  dlrvotlon  «r  tli«  a:Ki»# — Although  the 
lineamenta  of  light  and  shtxde  on  Jupiter*s  disk  are  generally 
Bubject  to  varintiona,  which  prove  them  to  be,  for  the  most  part, 
atnio&pberie,  nevertbeless  permanent  mark«  have  been  occasionally 
Been,  by  meana  of  which  the  diurnal  rotation  and  the  direction  of 
the  axifl  have  been  ascertained  within  very  minute  limita  of  error. 
The  earlier  observers,  whose  inatnunenta  were  imperfect,  and 
observation*  consequently  inaccurate  compnnitively  with  those  of 
more  recent  date,  ascertained  nevertheless  the  period  of  rotation 
with  a  degree  of  approximation  to  the  results  of  the  most  elaborate 
obstTVJitions  of  the  present  day  which  ia  traly  siirpriaing,  as  may 
appear  by  the  following  statement  of  iha  estimatca  of  varioua 
astronomers :  — 

h    m     t 

Cut'lnl  (1665)  *  .  .  .  .  .9560 

SlKiilH-lie       -  -  -  -  -  -  -f^jdo 

Schr  titer  (1786)        -  •  -  -  -  *9S5    1] 

A^Tj   -  .  -  -  .  -  -  •    9    55    M"* 

Midler  (i8j$>  -  -  •  •  •  •    9    55    ^  5^ 

The  estimate  of  Ppofeesor  Airy  is  based  upon  a  set  of  obserratioiyi 
made  at  the  Cambridge  Observatory.  That  of  Miidler  is  founded 
upon  a  series  of  observations,  commencing  on  the  ^rdof  November, 
1834,  and  continued  upon  every  clear  night  until  April,  1835, 
during  which  interval  the  planet  made  400  revuIution&.  Thew 
observationa  were  favoured  by  the  presence  of  two  remarkable 
ppots  near  the  equator  of  the  planet,  which  retained  their  position 
unaltered  for  several  months.  The  period  was  determined  by  ob- 
Ber^iJag  the  moments  at  which  the  centres  of  the  spota  arrived  at 
the  middle  of  the  disk. 

The  direction  of  the  apparent  motion  of  the  spots  gaye  the  pori- 
iion  of  the  equator,  and  consequently  of  the  axis^  which  is  inclined 
to  the  plane  of  the  planet's  orbit  at  an  angle  of  3*  6', 

The  length  of  the  Jovian  day  is  therefor©  less  than  that  of  the 
terrestrial  day  io  the  ratio  of  596  to  1440,  or  1  to  2-42. 

392.  Jovlui  reortti — ^ Since  the  period  of  Jupiter  is  4332*6 
terrestrial  days,  it  will  consist  of  1 0484*9  Jovian  days.* 

*  The  day  here  computed  is  the  9t<lereal  dny,  whicb,  in  the  case  of  the 
superior  planpts,.  differs  from  the  mvun  »otar  day  by  «  quaatity  io  insigaifli- 
taiit  that  ii  iD«y  be  tieglecl«l  in  flucb  illasiralkui  u  thew. , 
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393.  BeuM^nmt  —  At  tiie  Jovian  equinoxes  tlie  length  of  the 
day  in  terrestrial  time  muat  be  4*^  57"  43' "J*  Owing^  to  the  very 
small  obliquity  of  the  plane  of  the  planet's  equator  to  that  of  itf 
orbit^  not  much  exceeding  the  eighth  part  of  tho  obliquity  of  the 
earth's  equator^  tha  dittbrence  of  tha  extreme  length  of  the  daja 
at  midsummer  and  midwinter^  even  at  high  latitudes^  must  neces- 
aarilj  be  small.     Thua  at 

h     nil    • 

L«L4aP.— L-^npptt  djiy  -  -  -  -  -j6«6 

Shurtei'C  (Uj  •  •  •  -  •449    14 

Dllfcreiice  -  -  •   o    17    u 

iMOifi.  —  LoinprC'tt  dajp  -  •  -  -  *    f    '5    47 

Sbaxleit  duf  •  -  •  •  "419    51 

DiETerenc*  -  -  •    <>    H    J4 

The  diurnal  phenomena  at  midwinter  and  midsummer  on  the 
earth  in  ktitudea  higher  than  66^**  jipb  only  exhibited  on  JupitCT 
within  a  small  circle  ciicum scribing  the  pole  at  a  distance  of 
3°  6'. 

The  cTctremes  of  temperfttiire^  bo  far  aa  they  depend  on  the 
varying  distance  of  the  planet  from  the  sun,  being  in  the  propor- 
tion of  the  squares  of  the  aphelion  and  perihelion  diatancea,  ore  as 
5  to  6  nearly* 

It  appeara,  therefore,  that  except  in  the  near  neighbourhood  of 
the  pole*,  the  vicissitudes  of  temperature  and  season  t^  which  the 
Anrface  of  this  planet  is  exposed,  whether  arising  from  the  obli- 
quity of  its  axis  or  the  excentricity  of  its  orbit,  are  confined  within 
extremely  narrow  limits. 

394.  T«leBcoi»lc  appemnuice  of  Jupiter*  —  Of  all  the  bodies 
of  the  systemj  the  moon  perhaps  alone  excepted,  Jupiter  presents 
to  the  telescopic  observer  the  moat  magnificent  spectacle,  Kot- 
Withatanding  ita  vast  distance^  such  is  its  stupendous  niagintude 
that  it  is  seeu  under  a  visual  angle  nearly  twice  that  of  Mars.  A 
telescope  of  a  given  power,  therefore,  shows  it  with  an  apparent 
disk  four  times  greater.  It  haB,  conaeqnehtlyj  been  submitted  to 
examination  by  the  most  emin^t  oVeerrere,  and  ita  appearances 
described!  with  great  minuteness  of  detail. 

395.  WlmguHyinf  poip«ra  nccemmmrj  to  slioir  the  featnreB 
of  tbe  dlilt.  —  A  power  of  four  or  live  is  sufficient  to  enable  the 
observer  to  see  the  planet  with  a  sensible  di*ik ;  a  power  of  thirty 
shows  tlie  more  prominent  belts  and  the  oval  form  of  the  disk 
produced  by  the  oblateness  of  the  spheroid  ;  but  to  he  enabled  to 
observe  the  finer  streaks  which  prevail  at  greater  distances  from 
the  planet's  equator,  it  is  not  only  necessaty  to  see  the  planet  under 
favourable  circtmistances  of  position  and  atmoephere,  but  to  be 
aided  by  a  weU-detining  telescope  with  magnifying  powers  vaiying 
from  200  to  300. 

u  a 
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596.  SeltB  —  tlieir  furmDceisient  mnd  mpipeArmooti.^-Tbt 
planet^  when  thua  viewed,  uppears  to  eihiyt  a  diftk^  tbo  ground  of 
which  is  a  light  yellowish  colour,  brightest  near  it-a  equator,  and 
melting  grradually  into  a  leiideti-coloured  grey  towards  the  polea, 
ttUl  retamingf  nevertheleas,  somewhat  of  its  yellowish  hue.  Upon, 
this  ground  are  Been  a  series  of  brown  isb-^y  streaks,  res*embhngf 
in  their  form  and  arrangement  the  atreikka  of  cloude  which  ar& 
often  obserred  in  the  sky  on  a  fine  cidtn  evening-  after  aunset 
Many  obeeirers  have  noticed  the  colour  of  these  streaka  as  having 
a  reddish  tinge,  a  pale  brick-red.  Their  general  direction  is 
parallel  to  the  equator  of  the  planet,  though  eometimea  a  departure 
from  strict  paralleliam  is  obser^'oble.  Thej  are  not  all  equally 
conspicuous  or  distinctly  defined.  Two  are  generally  strikingly 
obsorFable,  beuig  extended  north  and  south  of  the  planet'^  equator^ 
ieparated  by  a  bright  yellow  zone,  being  a  part  of  the  general 
groimd  of  tbo  disk,  ThcBe  principal  streaks  commonly  extend 
around  the  globe  of  the  planet,  being  visible  without  much  changa 
of  form  during  an  entii'e  revolution  of  Jmpiten  This,  however,  i» 
not  always  the  cnj^e,  for  it  has  happened,  though  rarely,  that  one  of 
these  streaks,  at  a  certain  point,  was  broken  sharply  off  so  as  ta 
present  to  the  observer,  an  extremity  so  well  defined  and  uis- 
▼arying  for  a  considerable  time  as  to  supply  the  means  of  ascer- 
taining, with  a  very  close  approximation,  the  time  of  the  planefa 
rotation.  The  borders  of  these  principal  streaks  are  sometimea 
sharp  and  evon»  but^  Bometimes  (those  especially  which  are  further 
from  the  equator)  rugged  and  uneven,  throwing  out  arms  and, 
ofishootfl. 

397,  Tboae  near  tttm  i>olea  more  fUnt.  —  On  the  parts  of 
the  disk  more  remote  from  the  eqnatorji  the  streaks  are  much  more 
faint,  narrower,  and  leas  regular  in  their  paralleliam,  and  can 
seldom  be  distinctly  seen,  except  by  practised  observers,  witli  good 
telescopes.  With  these,  however,  what  appears  near  the  poies,  in 
instruments  of  inferior  power,  as  a  dim  shading  of  a  yellowish 
grey  hue,  is  resolved  into  a  system  of  fine  parallel  streaks  in  doso 
juxtaposition,  which  b&coming  closer,  in  approaching  the  polsi 
finally  coalesce. 

39S.  I»laa|ip«ar  umar  tb«  limb. — In  general,  all  the  streakA 
become  less  and  less  distinct  towards  either  the  easten:  or  western 
limb,  diaappearing  altogether  at  the  limb  itself. 

399.  B«lts  &Qt  aenoiTAiiMoa]  fefttnrea,  but  Rtxaoapbdrlo. 
— ^  Although  these  streaks  have  infinitely  greater  pomianoncy  than 
the  arrangements  of  the  .clouds  of  mir  atmosphere,  and  are,  ai  wo 
have  seen,  even  more  permanent  than  is  necessary  for  the  exact 
dt?terniination  of  tte  planet's  rotation,  they  are  nevertheless  entirely 
destitute  of  that  permanence  which  would  characterije  ZenograpMe 


XIX. 


^^■pt  as.  1833. 
t.    lite.  ^.  iHCrt 


&.  Jul.  10.  IBJO, 


THE  >L\JOR  PLANETS.— JUPITER.  239 

featurefip  such  as  are  obserred,  for  example^  on  Mors.  Tlie  fltreaka, 
on  the  contrary,  are  fliibject  to  alow  but  evident  variationa,  so  that 
nfter  the  lap^  of  Bouao  montlis  the  appeamnce  of  the  disk  ia  totalljr 
'changed^ 

400.  T«l«»Qopl<i  drawfapa  of  Jnplter  bjr  BCil<U0r  and  Ser^ 
•oh«i.^Tbe«e  general  obfl<jrvationa  on  the  appearance  cf  Jupiter's 
disk  will  be  rendered  more  clearly  int«lligil)le  by  reference  to  the 
telescopic  drawings  of  the  planet  given  in  Plate  XIX,  In  Ji^g^  I 
is  pvvtu  a  telescopic  view  of  the  disk  delineated  by  Sir  Jobn 
IIeF8chel,  as  it  appeared  in  the  zo-feet  reflector  at  Slough  on  tho 
2  3Td  of  September,  1832*  The  otber  views  were  made  by  M. 
Madler  from  obseriatiuns  taken  in  1835  and  1836,  at  the  dates 
iadii'Atcd  on  the  plate. 

401.  ObB«rrBtl«ns  ami  «oii«liial«ns  of  Madter. — The  two 
black  epota  represented  in  Jigs.  2,  3,  and  4,  were  those  by  which 
the  time  of  rotation  waa  detenuioed  (391)*  They  were  first 
observed  by  MadleTj  on  the  3rd  of  November,  1834*  The  effect  of 
the  rotation  of  these  spots  was  eo  apparent  that  their  chimge  of 
position  with  relation  to  the  centre  of  the  disk,  in  the  short  interval 
of  five  minutes,  was  quite  perreivahle,  A  third  spot*  much  more 
falttt  ihaa  theses  wits  visible  at  the  same  time,  the  dtstaaced  sepa- 
mting  ths  ipota  bein;?  about  24*^  of  the  planet's  surface.  It  wa« 
estimated  that  the  diameter  of  each  of  the  two  spots  repreeonted 
in  the  diaprrams  was  3680  miles,  and  the  distance  between  them 
waa  ftonietimea  observed  to  increase  at  the  rate  of  half  a  d<?^rree,  or 
330  miles,  in  a  month.  The  two  spots  continued  to  be  distinctly 
visible  from  the  3rd  of  November,  1834,  when  tbey  were  first  ob- 
served, until  the  1 8th  of  April,  1 83  5  ;  but  during  this  interval  the 
utreak  on  which  they  were  placed,  had  entirely  disappeared.  It 
became  gradiiHlly  l^nter  in  January  (see  Jiff,  4),  and  entirely 
vanished  in  Februsry ;  the  spots,  however,  retaining  all  their  dis- 
tmctnees.  The  planet  after  April  passing  towards  conj  unction , 
was  lost  in  the  light  of  the  etin ;  and  when  it  reappeared  in 
August,  after  conjunction,  the  spots  had  altogether  vanished. 

The  ohservationa  being  continued,  the  drawings,  Jigs.  5,  and  6, 
were  made  from  obaervstionfl  on  the  i6th  and  ijih  of  January^ 
1836,  when  the  entire  aspect  of  the  disk  was  changed.  The  two 
figures  5  and  6  represent  opposite  hemispheres  of  the  planet. 
The  former  presents  a  striking  resemblance  to  the  principal  belts 
in  the  drawing  of  Sir  J.  Her&chel,^.  1 . 

It  waa  remarked  that  the  two  spots,  when  carried  round  by  the 
rotation,  became  in\iaible  at  yj*  to  57"*  from  the  centre  of  the 
disk.  Thl«  is  on  effect  which  would  be  pmduced  if  the  «pota  were 
openings  in  the  mnsa  of  clouds  floating  in,  the  atmosphere  of  the 
planet,  and  would  be  explicable  in  the  same  manner  as  is  the  dis^ 
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uppeohince  of  apote  on  tlie  fltin  in  approac^hiDg  the  edj^s  of  ibm 
disk.  A  proper  motion  with  a  bIow  velocity*  aiid  in  a  direction 
Qootnuy  to  the  rotatbn  of  the  planet,  was  obBerved  to  oifect  th« 
fpotB^  and  this  motion  coDtinued  with  greater  unifonnity  in  March 
and  April,  after  the  disappearance  of  the  belt 

It  was  calculftted  that  the  Telocity  of  their  proper  motion  ore? 
the  Burfaee  of  the  plaaetj  was  at  the  late  of  from  three  to  fotir 
miles  an  hour. 

Although  the  two  black  spota  were  not  obsen'ed  by  ^ladler 
until  the  firat  days  of  November^  they  h«d  been  previously  »een 
and  examined  by  Schwabe,  who  observed  them  to  imdergo  several 
curioua  chaDgeSj  in  one  of  which  one  of  them  disappeared  for  a 
certain  interval ^  its  place  being  occupied  by  a  mosa  of  fine  dota 
It  soon,  however,  reappeaxed  aa  before. 

From  all  these  circumgtatices,  and  many  others  developed  in  th« 
course  of  his  extensive  and  long-continued  observations,  Miidlet 
considers  it  highly  probable,  if  not  abaoliitely  certain,  that  th« 
atmosphere  of  Jupiter  is  continually  charged  with  voat  maaaes  ot 
clouds  which  completely  conceal  hia  surface;  that  these  clouda 
have  a  pennanence  of  form,  position,  and  arrangement  to  whick 
there  is  nothing  analogous  in  the  atmosphere  of  the  earth,  and 
that  such  permanence  may  in  some  degree  be  explained  by  the 
great  length  and  very  small  variation  of  the  seasons.  He  tbinka 
it  probable  that  the  inhabitanta  of  places  in  latitudes  above  40** 
never  behold  the  Armament,  and  those  in  lower  latitudes  only  on 
rare  occasions. 

To  these  inferencea  it  may  be  added  that  the  probable  cause 
assigned  for  the  distnbutioQ  of  the  masses  of  clouds  in  streaka 
parallel  to  the  equator,  is  the  prevalence  of  atmospheric  cturentii 
analogous  to  the  trades,  and  arising  from  a  like  cause,  but  marked 
by  a  constancy,  intensity,  and  regidarity  exceeding  thoae  which 
prevail  on  the  earth,  inasmuch  as  the  diurnal  motion  of  the  aui^ 
face  of  Jupiter  is  more  rapid  than  that  of  the  earth  in  the  com* 
biued  proportion  of  the  velocity  of  the  diumsl  rotation  and  the 
magnitude  of  the  circumference^  that  is,  as  27  to  i  nearly* 

It  is  also  probable  that  the  bright  yellowish  geeeral  ground  of 
Jupiter's  disk  consists  of  clouds,  which  reflect  light  much  more 
strongly  than  the  most  deuso  masses  which  are  seen  illuminated 
by  the  sim  in  our  atmosphere ;  and  that  the  darker  streaks  and 
spots  observed  upon  the  diak  are  portions  of  the  atinoaph<^e, 
either  free  from  clouds  and  through  which  the  surface  of  the 
planet  ia  visible  more  or  Less  distinctly,  or  clouila  of  less  denstty 
and  less  reflecting  power  than  those  which  float  over  the  general 
atmosphere  and  form  the  ground  on  which  the  belts  and  spots  are 
•een. 
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Tliftt  the  atmosphere  has  not  any  very  extraordiiiftry  height 
ftlk>Te  the  surface  of  the  pluDfit,  ia  proved  by  the  sharply  defined 
edge  of  the  disk.  If  lt«  height  bore  Any  coDslderable  proportion 
tp  the  diameter  of  the  plaaet,  the  light  towards  the  edges  of  the 
disk  would  become  gradually  ftdoter,  and  the  edges  would  be 
nebulous  and  iU-de&Qed.    The  reverse  is  the  case. 

40  2.  Bptieroldat  titrm  of  tbe  pluiet. — The  disk  of  Jupiter, 
seen  with  magnifying  powers  as  low  as  30,  is  evidently  ovfd,  the 
leaser  axis  of  the  ellipse  coiodding  with  the  njcis  of  FotatioD^,  and 
"being  perpendicular  to  the  general  direction  of  the  belts,  Thia 
fisbct  supplies  a  striking  conBrmation  of  the  results  attained  in  the 
measurejiient  of  the  curvature  of  the  earth ;  and,  as  in  the  case  of 
the  earth ;r  the  degree  of  ohlatenoss  of  Jupiter  is  found  to  he  that 
which  would  he  produced  upon  a  globe  of  the  same  magnitude, 
having  a  rotatiDn  such  as  the  planet  is  observed  to  have. 

At  the  mean  distance  from  the  earth,  the  apparent  diametera  of 
the  disk  are  ascertained  by  exact  micrometric  measures  tuade  ut  tht) 
Ko)'al  Observatory,  between  the  years  1 840  and  1 85 1,  to  be  ^ 


EquHtorliil  dlAtaeter 
FuIat  diameter        • 
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The  polar  diameter  is  therefore  less  than  the  equatorial,  in  the 
ratio  of  lOO  to  106-5. 

403.  Jupiter^*  aat«lllt«ft.  —  When  Galileo  directed  the  first 
telescope  to  the  examination  of  Jupiter,  he  observed  four  rainuto 
^tars,  which  appeared  in  the  line  of  the  eq^uator  of  the  planet 
He  touif  these  at  first  to  be  fixed  stars,  but  was  soon  undeceived, 
He  8&W  them  alternately  approach  to,  and  recede  from  the  planet,, 
observed  them  pass  behind  it  and  btfure  it;  and  oscillate,  as  it 
'were,  to  the  right  and  the  left  of  it,  to  certain  limited  and  equal 
distances.  He  soon  arrived  at  the  obvious  conclusiou  that  these 
objects  were  not  fixed  starSi  but  that  they  were  bodies  which 
revolved  round  Jupiter  in  orbits,  at  limited  distances,  and  that 
each  successive  body  included  the  orbit  of  the  others  within  it ; 
in  short,  that  they  formed  a  miniature  of  the  solar  system^  in 
which,  however,  Jupiter  himself  played  the  part  of  the  sim,  Aa 
the  telescope  improved,  it  became  apparent  that  these  bodies  were 
small  globes,  related  to  Jupiter  in  the  Banie  irianner  exactly  as  the 
moon  is  related  to  the  earth ;  that,  in  fact,  tliey  were  a  system  of 
four  moons,  accompan^nng  Jupiter  rountl  the  sun, 

404,  Kapld  eUvm^e  rnna  crentvarletrof  pliasaa. — fiut  con- 
nected with  these  appeudages  there  is  porhapa  nothina:  more  re* 
markable  than  the  period  of  their  revolutions.    Thai  moon  whidi 
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ie  Dearest  to  Jupiter,  completea  its  revolution  in  forty-two  boars. 
In  that  brief  space  of  time  it  goes  through  nil  its  various  phases  ; 
it  is  a  thin  crescent,  halvedt  gibboup,  and  full.  It  muflt  be  remem- 
bered, however,  that  the  daj  of  Jupiter,  iDstead  of  being  twenty- 
four  houra,  h  lesa  than  ten  hours.  Thift  moon,  therefore,  has  a 
month  e<|iiftl  to  a  little  more  than  four  Jovian  days.  In  each  day 
it  passea  throufrh  one  complete  quarter ;  thus^  on  the  first  doy  of 
thei  month  it  pftasos  from  the  thinne&t  crescent  to  the  bnlf  moon ; 
on  the  Bwond,  from  the  half  moon  to  the  fiill  moon  ;  on  the  third!, 
from  the  full  moon  to  the  last  qimrter ;  and  on  the  fourth  retume 
to  conjunction  with  the  sun.  So  rapid  are  theae  changes  that  they 
must  be  actually  vii*tble  as  they  proceed. 

The  apparent  motion  of  this  satellite  in  the  firmament  of  Jupiter 
ia  ftt  the  rate  of  more  than  9\°  per  hour^  and  ia  the  eame  aa  if  otir 
moon  were  to  move  over  a  ppace  equal  to  her  own  apparent  dia- 
meter, in  lesa  than  four  minutes.  Such  an  object  would  serve 
the  purpose  of  the  hand  of  a  stupendous  celestial  clock. 

The  second  satellite  completes  its  revolution  in  about  eiphty-five 
terrestrial  hours^  or  about  eight  and  a  half  Jovian  dnv^.  It  passes, 
Iherefore.  firom  quarter  to  quarter  in  ti^'enty-one  hours,  or  about 
two  Joviim  days,  its  apparent  motion  in  the  fimiaraent  being  at 
the  rate  of  about  4^-2  5  per  hour,  which  is  as  if  our  moon  were  to 
move  over  a  space  equd  to  nine  limes  its  own  diameter  per  hour, 
or  over  its  own  diameter  in  less  than  seven  minutes* 

The  movements  and  changes  of  phase  of  the  other  two  moons 
are  not  eo  rapid.  The  third  passes  through  its  phages  in  about  1 70 
hours^  or  seventeen  Jovian  days,  and  its  apparent  motion  is  at  the 
rate  of  about  z°  per  hour.  The  fourth  and  last  completes  ita 
changes  in  400  hours,  or  forty  Jovian  days,  and  its  appoirent 
motion  is  at  the  rate  of  little  leas  than  i**  per  hour,  being  double 
the  apparent  motion  of  our  motin. 

Thus  the  inhabitants  of  Jupiter  have  four  different  months  of 
four,  eightj  seventeen,  and  forty  Jovian  days,  respectively. 

40$.  IlIonrH>^9i>  of  tbe  «atemtea. — Tht^  appearance  which 
the  satellites  of  J^pit*^^  present  when  viewed  with  a  telescope  of 
moderate  power,  is  that  of  minute  stars  ranfi^ed  in  the  direction  of 
a  line  drawn  through  the  centre  of  the  planet*s  disk  nearly  parallel 
to  the  direction  of  the  belts,  and  therefore  coinciding  with  that 
of  the  planet's  equator.  The  distonccfi  to  which  they  depart  on  the 
one  side  or  the  other  of  the  planet  are  so  limited,  that  the  whole 
system  is  included  within  the  field  of  any  telescope  whose  magni- 
fying power  is  not  considerable;  and  their  elongations  from  the 
centre  of  the  planet  con  therefore  be  measured  with  great  precisioxi 
by  means  of  the  wire  micrometers. 

When  the  apparent  diameter  of  the  planet  in  oppositiou  is  45*"', 
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tne  greatest  elongation; 
pianet'a  disk  are  aa  follow :  — 


the  satellites  £rom  the  cemtre  of  the 


•i 


It  follows,  therefore,  that  the  entire  aystem  is  comprised  within  a 
TiBiiel  area  of  about  1 200''  in  extent^  being"  two-thirds  of  the  ap- 
parfntdinmotcr  of  tho  itiooii.  If,  therefore,  wc  conceive  the  mot>n'8. 
disk  to  be  centrit-ally  8upeq>o&pd  on  that  of  Jupiter,  not  only  would 
all  the  satoUitea  he  uovered  by  it,  but  that  which  elon^tea  itself 
moat  from  the  planet  would  not  approach  nearer  to  the  moon's  edge 
than  one-eixth  of  its  apparent  diameter. 

If  all  the  satellites  were  at  the  same  time  at  their  preatest  elon- 
pationa,  they  would,  relatively  to  the  apparent  diameter  of  the 
pUuet,  present  the  appearance  represented  mjig^  68. 


406.  SlstuiC««  ft-om  jQpilerp^ — The  actual  diatancea  of  the 
satellifes  from  the  centre  of  the  planet  may  be  immediately  inferred 
from  a  comparison  of  their  greatest  elongations  with  the  apparent 
semi-diameter  of  the  planet.  Since,  in  the  case  above  suppoaedj 
the  apparent  semi-diaraeter  of  the  planet  is  22"'5,  the  diatancea 
will  be  found  expressed  with  reference  to  the  semi-diameter  as  the 
unit,  by  dividing  the  greatest  elongations  eipreased  in  seconds  by 
22*5.     This  gives  for  the  distances  i  *^ 


IL 


IIL 
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Helatively  to  the  ma^itude  of  the  planet,  therefore,  the  satellttea 
revolve  much  closer  to  it  than  the  moon  does  to  the  earth.  The 
distance  of  the  moon  is  nearly  60  semi -diameters  of  the  earth, 
while  the  distance  of  the  moat  remote  of  Jupiter's  moons  is  not 
more  than  26  semi-diameters,  and  that  of  the  nearest  only  aijt, 
from  hia  centre. 

Owing,  however,  to  the  greater  dimensiona  of  Jupiter,   the 
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actual  {Hstancea  of  the  aatdlites,  expressed  m  miles,  are  (except 
that  of  the  first)  considerably  greater  than  the  distance  of  the  moon 
from  the  earth. 

407.  Orbtta  af  satfliutes. — The  orbita  of  the  aatelHtea  are 
ellipses  of  very  smaH  ellipticitYr  inclined  to  the  plane  of  Jupiter*a 
orhit  at  very  small  angles,  ae  is  made  apparent  by  their  motiona 
being  alwaya  very  nearly  coincident  with  the  plane  of  the  planet's 
equator,  which  ia  inclined  to  that  of  its  orbit  at  the  small  angle  of 

3°  5'  JO". 

408.  Appareiit  uid  Teal  macnltnilea. — The  satellites,  al- 
though reduced  by  distance  to  mere  incid  points  in  ordinarr  tele- 
acopea,  not  only  exhibit  perceptible  disks  when  observed  by 
inatnimenta  of  sutEcient  power,  but  admit  of  pretty  accurate 
meaauroment.  At  oppoeition,  when  the  apparent  diameter  of  the 
planet  h  45",  all  the  aatellitea  subtend  angles  exceeding  1",  and 
the  third  and  fourth  appear  under  angles  of  I  J"  and  1^''.  By 
obsening  these  appamnt  diameters  with  all  practicable  precision, 
their  real  diameters  have  been  ascertained  as  follows  :"• 


11, 
TIL 
IV* 


»  1B91. 


It  appenTB,  therefore,  that  with  the  exception  of  the  second,  whicH 
is  exactly  equal  in  magnitude  to  the  earth'a  moon,  all  the  others 
are  on  a  much  larger  scale  j  and  one  of  them,  the  third,  is  greater 
than  the  planet  Mercury,  while  the  fourth  is  very  nearly  equal  to  it 

Some  observers  malt©  the  diametera  slightly  different  from  thoat 
inserted  above. 

409.  A9psT«fiit  iaa«ffnttiidea  as  aeen  ttom  7aplter* — By 
comparing  their  real  diimieters  with  their  distances,  the  appareot 
diameters  of  the  several  satellites,  as  seen  from  Jupiter,  may  be 
easily  ascertaint*d.  By  dividing  the  actual  distances  of  the  satellites 
from  Jupit«r  by  206,265,  we  obtain  the  linear  value  of  l"  at  sucb 
distance ;  and  by  dividing  the  actual  diameters  of  the  aatcllitea 
respectively  by  this  value,  w6  obtain,  in  aeconda,  their  apparent 
diameters  aa  seen  from  Jupiter. 

In  making  this  calculation,  however,  it  is  necessary  to  take  into 
account  the  magnitude  of  the  semi-diameter  of  the  planet,  which  is 
assumed  to  be  42^425  mile* ;  since  it  is  from  the  surface,  and  not 
ftom  the  centre,  that  the  satellite  is  viewed. 

It  follows,  from  a  cidctdation  made  on  these  principles,  using  the 
values  inserted  in  (406)  and  (408),  that  the  apparent  nmgnitudea 
of  the  four  eatellites,  seen  from  any  part  of  the  surface  not  fer 
removed  from  the  equator  of  the  planet,  are,  for  the  first  35'  50", 
for  the  second  1 8' 40",  for  the  third  18'  12",  and  for  the  fourth 
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'  The  first  satellite,  therefore,  has  an  apparent  diameter  equal  to 
th&t  of  the  moon  ;  the  second  and  third  are  nearly  equal,  and  about* 
half  that  diameter ;  and  the  apparent  diameter  of  the  other  aatel*, 
lite  is  about  the  fourth  part  of  that  of  the  moon. 

It  maj  be  easily  imagiQed  what  rarious  aud  interesfcia^  noctur* 
Dal  pheuomena  are  witueBsed  by  the  inhabitanta  of  Jupiter,  whiju 
the  rariuus  magnitudea  of  these  fowt  mooua  are  combined  with  the 
quick  succession  of  their  phases^  and  the  rapid  apparent  motlona  of 
the  firafc  and  aecond. 

By  the  relation  between  the  mean  motions  of  the  first  threa 
satellites,  they  never  can  be  at  the  same  time  on  the  same  side 
of  Jupit«r ;  so  that  whenever  any  one  of  them  is  absent  from  the 
irmament  of  the  planet  at  nighty  one  at  least  of  the  others  must  be 
present  The  Jovian  nights  are,  therefore,  always  moonlit,  except 
during'  eclipses  (which  take  place  at  every  revolution),  and  often 
enlightened  at  once  by  three  moons  of  different  apparent  magnitudes^ 
and  seen  under  diSerent  phases. 

410.  Apparent  mrnvnltsdett  of  riiplt«r  «■  sees  from  «ta« 
SAtelUMs.  —  Since  the  apparent  diameter  of  the  planet  seen  from 
a  satidlite  is  twice  its  horizontal  parallax,  that  of  each  satellite  as 
viewed  from  the  surface  of  Jupiter,  being  respectively  about 
9**'Sf  ^^1  3°'^?  ^^^  ^^*''  it  foUowa  that  the  apparent  diameter  of 
Jupiter  seen  from  the  first  satellite  is  about  19°,  from  the  second 
1 2°,  from  the  third  7*^*2,  and  from  the  fourth  ^°*2.  The  disk  of 
Jupiter,  therefore^  appears  to  the  first  with  a  diameter  eighteen 
times  greater^  and  a  surikce  320  times  greater  than  that  of  the  full 
moon. 

41  [.  BCasB  of  7nplter>^The  following  are  the  estimates  of  the 
mass  of  the  planet  obtained  by  processes  susceptible  of  great 
precision,  that  of  the  sun  being  unity : 

jv__.j_i  • 

1067 


I^laoa  •         • 


Airy       .  *  ■ 


IQ#677 


IDJO 


10*7"  »7 
Krfigcr  ...     .  ^     , 


The  computjfttiona  by  MM.  Airy,  Santini,  and  Bessel  were  con- 
ducted on  principles  auch  as  to  secure  the  greatest  attainable 
(precision,  and  their  results  have  been  coutirmed  by  M*  Kriiger 
[from  the  perturbations  produced  by  Jupiter  on  Themis. 

Since  the  mass  of  the  sun  is  about  3 1 5^000  times  that  of  the 
eartb,  while  it  is  only  1050  time:*  that  of  Jupiter,  it  follows  that 
the  mass  of  Jupiter  exceeds  that  of  the  earth  in  the  ratio  of  3 1 50 
to  1 0*50,  or  300  to  1. 

The  comparatively  great  mass  of  Jupiter  explains  the  very  short 
periods  of  his  satellites  compared  with  that  of  the  moon. 
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At  greater  distances  from  Jitpiter  than  that  of  the  mooQ  from 
Uie  earth,  they  noTertheless  revolve  in  periads  much  Bhorter  than 
that  of  the  moon,  and  are  afFected  by  centrifugal  forcea,  which 
exceed  that  of  the  moon  in  a  ratio  which  may  bo  dctermiued  by 
the  periods  and  distances,  and  which  must  be  resisted  by  the  at- 
traction of  a  central  ma£«  proportionally  greater  than  that  of  the 
earth.  It  would  be  easy  to  show  that,  if  the  earth  were  attended 
by  a  similar  system  of  moons,  at  like  dist^mces  from  its  centre, 
their  peiiods  would  be  about  eighteen  times  greater  than  ikoeo  of 
Jupiter's  satellites. 

412.  Tbeir  nmtnal  |i«rt«u'bnttoii». —  The  mutual  attractions 
of  the  masses  of  the  sulcllites,  and  the  inequality  of  the  attractioa 
of  the  sun  upon  them,  produce  an  extremely  complicated  aysteni 
of  disturbing  actions  on  their  motion S;^  which  has  nevertheless  been. 
broug:ht  with  ^at  success  under  the  dominion  of  dialysis 
Liaplace  and  lAigmngt*.  This  is  especlitUy  the  case  with  the  three 
inner  satellites^  whose  motions,  but  for  this  cause,  would  be 
sensibly  uniform.  The  effect  of  these  disturbing  forces  is  never- 
theless mitigated  and  limited  by  the  Teiy  small  excentricities  and 
incliaations  of  the  orbiU  of  the  satellitea. 

4.13.  Oenslty  of  Jupltflr,— The  volume  of  Jupiter  beings 
greater  than  that  of  the  earth  in  the  ratio  of  1 235  to  i,  while  its 
mass  is  greater  in  the  inferior  ratio  of  300  to  1  nearly,  il  follows, 
that  the  density  of  the  matter  composing  the  planet,  is  less  than 
the  mean  density  of  the  earth  in  the  ratio  of  the  above  numbers,  or 
027494.  Its  mean  density  is,  therefore,  about  one-fourth  of  that 
of  the  earth, 

414.  M«as«a  Atid  densities  of  tlie  satellites. — ^The  masses  of 
the  satfllitca  are  dcteraiiued  by  their  muluitl  distUTbancea,  and 
the  densiUes  are  deduced  as  usual  from  a  comparison  of  these 
masses  with  their  volumes.  In  the  following  table  are  given  the 
masses  as  compared  with  the  primary  and  with  the  earth,  and  their 
densities  as  compartiid  with  the  earth  and  with  water. 
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Thus  it  Rppeors  that  the  density  of  the  matter  composing  these 
satellites  is  much  smaller  than  those  of  any  otlier  bodies  of  the 
system  whose  densities  are  known. 

It  follows,  therefore,  that  the  first  satellite  must  be  composed  of 
matter  which  is  twice  as  light  as  cork^  the  density  of  which  ii 
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0*240;  and  that  of  the  third,  ^hich  coavistsof  the  heariest  matter, 
is  not  more  deose  tbaQ  the  lig^htoat  Bori  of  wood,  Bucb,  for  ex- 
ample, as  the  common  poplar^  whoae  density  is  0'5d5  (U.  91.) 

It  la  remarkable  that  this  extremely  email  degree  of  density 
10  not  found  in  the  earth's  satellite,  the  density  of  which,  though 
lesa  than  that  of  the  earthy  ia  atill  more  than  twice  the  density  of 
water.  * 

The  relation  of  the  density  of  the  earth  to  that  of  water  in  the 
preceding  table,  ia  inferred  irom  the  determination,  by  Mr.  Baily, 
of  the  mean  density  of  the  earth  by  the  method  known  aa  the 
CarendLBb  expe;nmeut  (80).  The  -valnesin  the  last  colmnn  giving 
the  density  of  the  satellites  would  be  increased  if  the  result  obtained 
from  the  Harton  pendulum  experimenta  had  be«i  uaed  (81). 

The  planeta  Mercuiy  and  Mars,  which  are  bo  nearly  of  the  same 
magnitudea  as  the  third  and  fourth  satellites,  show  in  a  striking 
maoner,  the  difference  of  the  mutter  compoaing  them,  by  the  great 
difference  of  their  densities.  The  mean  apecitic  weight  of  the 
materials  composing  these  planets  is  nearly  the  same  as  that  of 
those  which  compoae  the  earth,  while  the  materials  of  the  third 
satellite  are  thirteen  timeB,  and  that  of  the  fourth  twenty-fiTe 
times  Ughtec 


41 9.  Sfttnmlaii  mjr^tmwoM—  Beyond  the  orbit  of  Jupiter  a  space 
but  little  leas  in  width  thau  that  which  separates  that  planet  from 
the  sun  is  unoccupied.  At  its  limit  we  encounter  the  most  ex- 
traordinary object  in  the  system, —  a  stupendous  globe,  nearly  nine 
hundred  times  greater  in  volume  than  the  earth,  surrounded  by 
two,  at  least,  and  probably  by  several  thin  flat  rings  of  solid 
matter,  outside  which  revolve  a  group  of  eight  moons ;  this  entire 
system  moving  with  a  common  motion  so  exactly  maintained,  that 
no  one  part  falls  upon,  overtakes,  or  is  overtaken  by  wiother,  in 
their  course  around  the  Bun. 

Such  ia  the  SATtminAic  stsitm,  the  central  body  of  which  wis 
known  as  a  planet  to  the  ancients,  the  annular  append agea  and 
satellites  being  the  discovery  of  modem  times. 

416.  »0ri©d. —  By  the  usual  methods  the  sidereal  period  of 
Saturn  has  been  ascertained  to  be  10759-22  days,  or  29457  yea». 
The  synodic  period  is  about  378  days. 

417.  Meaii  and  extrem«  dUtaoces  tttaa  thp  sail. -^  The 
mean  distance  from  the  sua  b  954;  or  more  exactly  9-538852, 
that  of  the  earth  being  —  i , 

Taking  the  earth's  mean  distance  as  91^  miUions  of  mileSj,  that 


I 
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of  Siitum  will  then  be  872  millioos  of  miles.  Tlie  excentrici^ 
of  Saturn's  orbit  being  0056,  this  distance  is  liable  to  varifttion, 
being  augmented  in  apht^lionj  Rod  diminished  in  pfrihelion  by  the 
djfhteentli  part  of  it^  whole  amount.  The  greatest  distajice  of  tli© 
planet  from  the  Bun  is  therefore  about  92 1  ^  and  the  least  is  about 
D23,  milIiou«  of  miles, 

418.  K«l«tlve  aeale  of  orMt 
RBd  dlataace  fVotu  Uke  «artlu 
^The  relative  proportion  of  lh« 
orliLta  of  Saturn  and  the  earth  are 
represented  iajfff.  69,  where  EE'e" 
is  the  earth's  orbit,  and  s  a'  Satimi^a 
distance  from  the  sun.  The  fotii 
positions  of  the  earth  indicai 
arc. 


r»ft,69. 


e' 


when  the  planet  la  m  oppo* 
sition. 

when  the  planet  15  in  conjunc- 
tion. 

in  quadrature  west  of  the  sun. 

in  quadrature  east  of  the  sun. 


M 


419.  <Gr»i,t  aoAlfi  of  the  orbi- 
tal motloii^  —  The  distance  of 
Saturn  from  the  sun  is  therefore 
so  enormous,  that  if  the  whole 
oartli's  orbit,  measuring  nearly  200 
milliona  of  miles  in  diameter  were 
lilkd  with  a  sun,  that  sun  seen 
from  »Satum  would  be  only  about 
twenty-four  times  greater  in  ita  ap- 
parent di«raet*?r  than  is  the  actual 
stio  seen  from  the  earth.  A  cannon 
boll,  movinjj:  at  500  miles  au  hour^ 
would  take  about  200  years,  and  a 
railway  train j  Tuoving  50  miles  an 
hour,  would  take  about  2000  years 
to  move  from  Saturn  to  the  aun. 
Light,  which  moves  at  the  rate  of 
nearly  200,000  miles  per  second^ 
takes  1  hour  I  5  minutea  to  move 
over  the  same  distance.  Yet  to 
this  distance  solar  gravitation  transmits  its  mandates,  and  i|i 
obeytid  with  the  utmost  gromptitudo  and  the  most  mitmng  f  re- 
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Taking  the  diameter  of  Saturn 'a  orbit  at  1744  milliona  of  miles, 
its  circumfepeDce  b  5479  miilioaa  of  miles,  over  which  it  moves 
in  10,7^9  days.  lis  dnilj  motioQ  is  tberefore  509,280  milefl,  and 
its  hourly  21^2 zo  miles. 

420.  Va  pliAs«ft. — It  is  eTident  from  what  has  btf^n  pxplamed 
in  relation  tu  Jupiter  (JB4),  that  neither  Saturn  nor  anymore 
distant  planet  am  have  aeoaible  phases. 

42 1.  stBttons  and  retrvrreaftloti. — From  &  comparison  of  the 
orbital  motion  arid  varying  distjuiee  bt^tween  the  earth  and  Saturn, 
it  appeara  that  the  atationa  of  the  planet  take  place  at  about  65 
d&ys  before  and  after  opposition.  Since  the  earth  gaina  upon  the 
planet  at  the  mean  rate  of  o'°'9526  per  dny^  the  angle  at  the  8un 
corresponding  to  65  days  will  be  61' 92,  which  corresponds  to  an 
elongation  of  1 1 3**,  The  planet  is  therefore  stationary  at  elonga- 
tion 67°  east  and  we&t  of  opposition. 

Its  arc  of  retrogression  varies  from  6^41'  to  6*  55'. 

422.  Apparent  aiMl  real  diameter. — This  planet  appeara  as 
a  star  of  the  iirat  magnitude,  with  a  faint  reddish  light.  Its  appa- 
rent brightneaa,  compared  with  that  of  Mars,  is  greater  than  that 
which  is  due  to  their  apparent  majyrnitudes  and  diatanceSj  a  circum- 
Btance  which  ia  explained^  aa  in  the  case  of  Jupiter^  by  the  more 
feebly  reflective  power  of  the  surface  of  Mars. 

The  disk  ia  viaibly  oval,  and  traversed,  like  that  of  Jupiter,  by 
Btieaka  of  light  and  shade  paraOel  to  its  greater  axia ;  but  these 
belta  are  much  more  faint  and  less  pronounced  than  those  of  Jupi- 
ter, One  principal  grey  belt,  which  liea  along  the  greater  axia  of 
the  disk,  ia  almost  unchangeable. 

Sir  William  Herschel  imagined  that  the  disk  had  the  form  of  on 
oblong  rect«ingle,  roimded  at  the  comers,  the  length  being  in  the 
direction  of  the  belts.  More  recent  observations  and  micrometrical 
measurements  made  at  Konigsberg,  by  Professor  Bessel,  and  at 
Greenwich  by  Mr.  Main,  have  shown,  however,  the  true  form  to  be 
an  ellipse.  According  to  the  measures  of  M.  Bessel,  the  apparent 
magnitude  of  the  greater  axis  of  the  disk  is  I7'^'053,  and  that  of 
the  lesser  axis  i  5 ''"394.  The  observatioDs  of  Professor  Struve, 
made  with  the  Dorpat  inBtrumenta,  give  I7"'99i  for  the  greater 
axis ;  tha  difference  of  the  two  estimates,  o'''*938,being  leea  than  « 
second*  The  mefisurea  by  Mr.  Main>  in  1 848  and  1 849^  were  made 
when  the  ring  was  isTieiblei  by  the  double  image  micrometer  (20), 
mounted  on  one  of  the  principal  equatorials  at  the  Eoyai  Obser- 
Tatory.  The  apparent  angular  magnitude  at  the  planet*a  mean 
diatance^  reaulting  from  these  observationa,  is  for  the  equatorial  axia^ 
1 7"*5o  I ,  and  for  the  polar  axia,  t  5"'6o4j  giving  for  the  value  of  the 
eDrpticitv.  -!— . 
'    At  the  mean  distaBOc  of  SaturSj  the  HuearTalue  of  one  second 
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of  apace  m  4228*2,  the  actuiil  magnitudes,  therefore,  of  tbe  equ»-] 
torinl  and  polar  di&metera  detormtued  by  the  diffarent  u1j«eqrvejraj 
•re  ai  follow : — 


Struva     « 


Bquvlorlal  Diameter. 

Polar  Dliimeter. 

Mran  Dlunel«r. 

.        -    71.I0J 

*So89 

6S.596  mllM 

-    76.070 

eM.zi6 

7i-.«4i      .. 

-       -    7J.y9< 

6J.977 

«9.9»      - 

The  differences  in  the  above  results  are  no  greater  than  mights 
have  been  expected,  considering-  the  difliculity  attending  tliis  claaf 
of  aatronotniciil  observation  j  we  may,  therefore,  definitely  aasuma 
the  actual  diameter  of  the  planet  to  be  about  the  mean  of  the  three 
determinations,  or  for  lb©  equatorial  diameter,  7i|^057  milea,  fof 
the  polar  diameter,  66,215  milea,  and  for  thtj  mean  diameter  of < 
the  planet  70,1  36  miles. 

The  oblat«ne«8  or  eUipticity  of  Saturn  may  be  expressed  approii- 
matelj  &a  equal  t«  one-tenth  of  the  greater  axia  of  the  planet. 

423.  melattve  marnltndea  of  Aatnm  and  tlt«  oartbp— Tbo 
nelatiire  niagnitudes  of  Saturn  and  the  earth  are  rfpre«*entfd  in^^if, 
70,  the  volume  of  8atum  b^iog  696  times  greater  than  that  of  th4 
earth. 


ill!.  70 


424.  Dlnraal  rotaUcm* — From  <>bs<»rrationa  on  the  apparent 
motion  of  spota  on  the  di.sk  of  tl^e  planet,  it  has  been  ascertained  to 
have  a  motion  of  rotation  upon  the  shoiter  axia  of  the  ellipse 
formed  by  its  disk,  in  lo*"  29""  I  7*.  A  teiresti-ial  day  ia  therefore 
equal  to  2-2883  Satumtnn  day!*. 

425.  Xaoilnatloii  of  tli«  axis  to  the  orbit.— The  general 
directioa  of  the  motion  of  rotjilion  has  been  ascertained  to  be  suck 
that  the  inclination  of  the  equator  of  the  planet  to  the  plane  of  the 
orbit  is  26*  48'  40",  and  it^  inclination  to  the  plane  of  the  ecliptic 
is  28^  io'44"7. 

The  axis,  like  that  of  the  earth,  and  those  of  the  other  planets^ 
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wlioee  rotation  lias  been  a^certAined,  is  carried  pftrallel  to  itaelf  in 
the  orbital  motion  of  the  planet 

The  coTi.«iequence  of  tliiB  fijrriuigement  is,  that  the  year  of  Saturn 
is  varied  by  the  same  succession  of  seasons,  subjet't  to  the  same 
range  of  temperature  aa  those  which  prevail  on  our  i^rlobe. 

426.  Sv.tiu'ttlaa  avym  aad  nlrbtt.  TtAf,  —  The  alternation 
of  light  and  darkness  is  therefore  nearly  the  aameasupon  Jupiter. 
This  rapid  return  of  day,  after  an  interval  of  five  hours  nighty  eeenia 
to  assume  the  character  of  a  law  among  the  major  planets,  as  the 
interval  of  twelve  hours  certainly  does  among  the  minor  planets. 

The  year  of  Saturn  is  equal  in  duiadou  to  10,759  terrestrial  days. 
But  since  a  terrestrial  day  is  equsJ  to  2*2883  Sattuniaii  days,  the 
number  of  Saturn  iftT*  days  in  the  Satumian  year  must  be  about  24,620. 

427*  B«ltt  ftAd  Btm<w|ilter««  —  Streaks  of  light  and  shade 
piurallel  in  their  general  directioa  to  the  planet's  equator  have  been 
observed  on  Saturn,  similar,  in  all  respects,  to  the  belts  of  Jupiter, 
Mid  affording  like  evidence  of  aa  atmosphere  surrounding  the  planet 
attended  with  the  Like  system  of  currents  aualogoua  to  the  trades. 
Such  an  inference  involves,  as  in  the  former  case,  the  admisaion  of 
liquid  producing  vapour  to  form  douda  and  other  meteorological 
phenomena. 

428.  mnHmr  llrbt  ftnd  lie&tp  —  The  apparent  diameter  of  the 
fUn  as  seen  from  Sstum  is  9"  5  39  times  less  than  h»  swn  from  the 


earth  ;  and  since  its  mean  apparent  dimmeter^  as  seen  from  the  earthy 
is  1924'',  its  apparent  diameter,  as  seen  from  Satumi  must  be 
3'2i''70. 
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The  compuradve  apparent  nmgiiitudea  are  repreaented  in Jf^,  71^ 
whero  B  TepTesente  the  disk  of  the  sun  as  eeen  fnim  the  earth,  and 
B  as  seen  fit>m  SD.tum. 

The  intensity  of  iolar  light  ia  lesa  in  the  ratio  of  i  to  9-539*  = 
91  ;  and  ita  optical  and  calorific  influences  with  this  reduced 
intensity  are  subject  to  the  observations  already  made  in  the  case 
of  Jupiter  (390). 

429.  Klairi.  — The  invention  of  the  telescope  having  invested 
astronomers  with  the  power  of  approaching,  for  optical  purpoae*, 
hundreds  of  times  closer  to  the  objects  of  their  obseriation,  one  of 
the  earliest  results  of  the  exercise  of  this  improved  sense  was  the 
discovery,  that  the  disk  *jl  Saturn  diliered  in  a  remarkable  maimer 
&om  those  of  the  other  planets  in  not  being  circulm.  It  seemed 
at  first  to  be  a  flattened  oblong  oval,  approaching  to  the  fomi  of  an 
elongated  rectangle,  rounded  off  at  the  comers.  As  the  optical 
powers  of  the  telescope  were  improved,  it  assumed  the  appearance 
of  a  great  central  disk,  with  two  smaller  disks,  one  at  each  side  of 
it,  Theae  lateral  disks  took  the  appearance  of  handles  or  ears, 
like  the  handles  of  a  vase  or  jar,  and  they  were  accordingly  called 
the  ansse  of  the  disk,  a  name  which  they  still  retiiin.  At  length, 
in  1 659,  Huygens  explained  the  true  cause  of  this  phenomenon,  and 
flhowed  that  the  pluiet  is  surrounded  by  a  ring  of  opaque  solid 
matter,  in  the  centre  of  which  it  is  suspended^  and  that  what 
appear  as  ansee  ore  those  parts  of  the  ring  which  lie  beyond  the 
disk  of  the  planet  at  either  side,  which  by  projection  are  reduced 
to  the  form  of  the  parts  of  an  ellipse  near  the  extremities  of  its 
greater  axis,  and  that  the  open  parts  of  the  ansee  are  produced  by 
the  dark  sky  visible  through  the  space  between  the  ring  and  the 
planet. 

The  improved  telescopes  and  greatly  multiplied  number,  and 
increased  zeal  and  activity  of  observers,  have  supplied  much  more 
definite ,  information  as  to  the  form,  dimensions,  structure,  and 
position  of  this  most  extraordinary  and  unexampled  appendage. 

It  has  been  ascertained,  that  it  conaists  of  an  annular  plate  of 
matter,  the  thickness  of  which  is  very  inconsiderable  compared 
with  the  superficiea.  It  is  nearly,  but  not  precisely  concentric 
with  ihv  planet,  and  in  the  plane  of  its  equator;  This  is  proved 
by  the  coincidence  of  the  plane  of  the  ring  with  the  geaend  di- 
rection of  the  belts,  and  with  that  of  the  apparent  motion  of  the 
spots  by  which  the  diurnal  rotation  of  the  planet  has  been  as- 
certain ed. 

WTien  telescopes  of  adequate  power  are  directed  to  the  ring 
presented  under  a  favourable  aspect,  dark  streaks  are  seen  upon 
ita  surface  similar  to  the  belts  of  the  planet.  One  of  these  having 
been  observed  to  have  a  permanence  which  seemed  iiicumpatible 
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with  the  admission  of  the  same  atmospheric  cauae  as  that  which 
has  been  aBsigned  to  the  belts,  it  was  conjectured  that  it  aroae 
(rom  a  real  separation  or  division  of  the  riDg  into  two  concentric 
ringa  placed  one  within  the  other.  Tliia  conjecture  was  converted 
into  certflintT  hv  the  discoverj,  that  the  same  dark  atre&k  ie  seen 
in  the  same  position  on  both  aides  of  the  ring.  It  haa  even  been 
affirmed  br  some  observers  that  stars  have  been  seen  in  the  apace 
between  the  rings  j  but  this  requirea  confirmation.  It  ia,  however, 
considered  as  proved,  that  the  ay  stem  consists  of  two  concentric 
rings  of  unequal  breadth,  on©  placed  outaide  the  other  without  any 
mutual  contact 

The  plane  of  the  rings,  being  always  at  right  angles  to  the  axia 
of  the  planet,  is,  like  the  axis,  carried  by  the  orbital  motion  of  the 
planet  parallel  to  itself,  eo  that  during  the  yearof  Saturn^  it  under- 
go^ changes  of  position  in  relation  to  the  radius  vector  of  thu 
planet,  or  to  a  line  drawn  from  the  eun  analogous  to  those  which 
the  earth's  equator  undergoes.  Since  the  plane  of  the  rings  coin- 
cide* with  that  of  the  Satumian  equator,  therefore,  it  will  be 
directed  to  the  sun  at  the  epochs  of  the  Saturaian  equinoxes  j 
and,  in  general,  the  angle  which  the  radius  vector  fmm  the 
aim  makes  vdth  the  plane  of  the  ring,  will  be  the  sun's  decli- 
nation as  seen  from  Saturn*  This  angle,  therefore,  at  the  Satumian 
solstices  will  be  equal  to  the  obliquity  of  Saturn's  equator  to  hiji 
orbit^  that  is,  to  26'^  48'  40^"',  and  at  the  Satumian  equinoxes  will 
be  0^(425). 

430.  Poiltton  of  ]i$d«a  of  rln^  ajxd  Inolltifttlon  to  ecUptlo. 
^The  investigation  of  the  position  of  the  plane  of  the  ring  in 
fipace  was  undertaken  and  conducted  with  great  ability  and  success 
by  Prof.  Bessel,  by  means  of  an  elabomte  cumpai-is-ou  of  all  the 
recorded  observations  on  the  phases  of  the  ring  from  170  J  to 
1833.  The  result  proved  that  the  line  of  intersection  of  the  plane 
of  the  ring,  and,  therefore,  that  of  the  equator  of  the  planet  with 
the  plane  of  the  ecliptic,  is  parallel  to  that  diameter  of  the  celestial 
aphere  which  connect*  the  two  opposite  points  whoso  longitudes 
are  166"  53'  B^'-g  and  346^  53'  8"-9,  the  former  being  the  longi- 
tude of  the  point  at  which  the  rings  pftsa  from  the  south  to  the 
north  of  the  eclipticj  and  which  is,  therefore,  the  a.«icendiiig  node 
of  the  rings.  It  also  resulted  from  this  investigation  that  the 
angle  formed  by  the  plane  of  the  rings,  and,  therefore,  of  the 
Saturaian  equator  with  the  plane  of  the  ecliptic,  is  zS''  lo'  44''7' 

These  lonptudes  and  obliquity  were  those  which  corresponded 
to  the  ist  of  January,  ]  800.     It  wa^  shown  that  the  nodes  of  the 
ring  have  a  direct  motion  in  longitude  of  46 ""46 2  per  annum, 
their  retrograde  motion  on  the  ecliptic  being  itbout  4". 
►  It  resulted  from  the  uhservations  of  Profeaaor  Struvfj  made  with 
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the  preat  Dorpat  refmctor,  thAt  the  ohliquity  of  the  plane  of  ih^ 
rini^  to  that  of  the  i;diptic  i»  28'  5'  54",  subject  to  a  possible  error 
of  6'  24". 

The  obsenrfttiona  and  measureinenta  of  these  two  eminent  &M 
nnTiiera   are,  therefore^  in  as  perfect  accordftuce  as  the  degw^e 
perfection    t«  vrhtch    the   instruoientfl  of  obdervation  have  been 
hro light  admits. 

431.  Appmnt  uad  reM  dlmenslaiia  of  ttie  rtnfs,  —  Tho 
hfRJuith  of  the  riog^  rui  well  lua  of  the  intervals  which  separate 
them  from  each  nthur  and  from  tho  planet*  have  been  mihniitted  ta 
ven"  precise  miorometric  uhsenationa ;  and  the  resmlta  Qbtmned 
by  ditfei^ot  ot>»erver8  do  not  differ  from  each  uth^r  by  a  fortieth 
part  of  the  whole  quantity  measured.  In  the  following  table  are 
pven  the  results  of  the  micrometric  observation^}  of  Professor 
StruTe^  reduced  tu  the  mean  distance. 


1 

A|if«i*iii 

tnHmal* 

Btrllai  a  PUnd  MaUofHl. 

Lnm. 

Dmuk*. 

XUtaL 

S*TOi-.liiitieieT  itf  the  p^krH       • 

r 

»"*995 

lOOD 

|t.ot5 

Bilt'Mor  •eitii-dlainrtifr  of  ««torlar-rlng 

a 

»ooi47 

»-£&g 

«4.i*1 

lnt»ri»»r          rt  ■•                      d  -. 

a' 

>?% 

1  961 

74^» 

Bp»*dth  of  i-merlnf  r1i>n- 

«-a' 

1401 

oi6S 

iai6o 

Exierliir  **inii.di«m«ter  <•(  httvrior  rtn$ 

A 

•7»I7 

t'gi6 

7««8l 

tnieriar         do.                         do.  . 

V 

M  1)4 

ijii 

Jfl79 

Brruilih  of  hucHrtr  rinf - 

ft-y     1 

J'T^I 

0414 

16.501 

WI  11*1  of  lTiti^Tv«l  l*rtw<^n  the  ringi      • 

•'-A 

0407 

0045 

I.74» 

Wkdtb  ivF  >oterv*l  betwron  plxnti  iitid 

InierioTrtnjr      -             -             -             - 

fr*-r 

4119 

(X481 

J8.146 

Br««dih  or  Uia  dmibl*  ring.  Includinf 

IntBTFal 

fl-f 

671 J 

0747 

tS.ift4 

The  relatiTe  dimensionit  of  the  two  rings,  and  of  the  planet 
within  thi^m,  are  repreat-nted  in^g.  7  J?  projected  upon  the  common 
plane  of  the  riiixs  and  the  planet's  equator.  Each  division  of  tho 
subjoined  scale  rrpTeseutj*  ;,ooo  miles. 

The  visual  anj«rle  subtended  at  the  earth  by  the  extreme  diamet 
of  the  external  ring,  when  the   planet  is  in  opposition,  is  48' 
which  is  about  one  thirty-seventh  part  of  the  moon's  apparent 
diameter. 

432.  Tblokse««  of  tli«  rlBfs. —  The  thickness  of  the  rings  is 
BO  e?ttrerat?ly  minute .  that  the  nicest  micrometric  observations 
have  hitherto  failed  to  supply  the  data  necessary  to  determine  it 
with  any  dejrree  of  precision  or  certainty.  It  is  so  inconi?iderahle, 
tliBt  when  the  plane  of  the  ring  is  directed  to  the  earth,  and,  con- 
sequently, the  edge  alone  is  pre«etrted  to  the  eye,  it  is  invisible 
even  with  telescopes  of  great  power,  or,  if  seen,  it  is  so  imperfectly 
defined  as  to  elude  all  micrometric  observation.  When  it  was  in 
thii  position  in  1833,  Six  J.  Herschel  observed  it  with  a  telescope. 


THE  MAJOR  PLANETS.— SATURN. 


2?5 


wticli  would  certainly  have  rendered  diatinctlv  vislWo  &  line  of 
li^ht  «»ne  twentieth  of  a  second  in  breadth.  Since  the  linear  valu6 
of  l"  at  Saturn's  mean  di^tuncia  is  about  4228  miles,  it  would 


follow  that  the  thirkneaa  is  le«a  than  210.  Sir  J.  Ilerst'hd  admite, 
Lowever,  that  it  may  possibly  be  §0  (^reat  as  2  50  miles. 

Tbe  thickness,  ia,  therefor*?,  certiUBly  le^s  than  the  1 00th  part 
of  the  extreme  breadth  of  the  two  rings,  and  aceordingf  to  the  scale 
on  which  the^.  71  is  drawn,  it  woidd  be  repreaeated  by  the 
thicknesa  of  a  leaf  of  the  volume  now  before  th  •  reader. 

433.  Condtttons  tuider  wtatcb  tlie  rliiff  beoomea  lavialble 
fH»ni  tbe  earUu^-The  rings  of  Saturn  viewed  from  the  earth 
may  become  invisible,  either  because  the  parta  prej*ented  t«  the  eye 
are  not  illuminated  hy  the  sun,  or,  beinj?  illuminatedj  have  dimeo- 
eions  too  small  to  subtend  a  ^enaihls  viisual  angle. 

In  every  position  assumed  by  the  plimet  in  its  orbital  motion^ 
one  aide  or  the  other  of  the  ringa  is  Oluminated  with  more  or  lesa 
intensity,  except  at  the  Satumiaa  e^uinoxea,  whua,  the  plane  of  tli« 
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ring^  passing-  through  the  bud,  its  edge  tdone  is  iUuminnted.  Owm 
tu  the  extrtMue  lbinnt*as  of  tbe  pliite  of  matter  compoginp;  the  ringlj 
they  cease  in  thia  case  to  he  vifiiblo,  except  by  feeble  and  uncerlda 
indications  observed  with  hig-h  mw^ifying  powers.  It  has  heen 
inferred  by  Sir  John  Herachel,  fiom  obserrations  made  with  telJ 
iCOpes  of  great  power,  that  the  major  limit  of  tbeir  possiNo  tbiclci 
neas  u  250  miles.  The  visual  liojL'le  which  thiB  tbicknej^s  wonll 
subtend  at  the  distance  of  Saturn  in  oppoaition,  ia  o"'o64,.  Thf 
visual  angle  would^  therefore,  be  Ibss  than  the  CLfteenth  part  of 
second. 

The  ring.%  thertifDre,  disappear    from   ihia   caoae   at   Satom^ 
equinoxes,  which  occur  at  intervals  of  1 4 J  yeara. 

^^^Tien  the  dark  side  of  the  rin^rs  is  exp*jaed  to  the  earth,  it  i| 
evident  that  the  »iin  and  earth  must  be  on  oppositR  sid».';8  of  thi 
plane  of  the  rings,  and  therefore  that  pkne  muat  have  such  k 
position  that  it'*  direction  would  pass  between  the  sim  and  th0 
earth,  Thifl  can  only  happen  within  ft  certain  limited  di&tflinc©  ol 
the  planet's  equinoxes,  I 

The  diaappearanco  of  the  rings  of  Saturn  ivas  wtll  witoes^ed  kI 
the  Saturaiaa  equinox  in  1 848.  The  northern  mirfnce  of  the  riiigj 
had  then  been  visible  for  nearly  fifteen  years.  The  motions  of  thfl| 
planet  ami  the  earth  brought  the  plane  of  the  ring  to  that  pnsitioii 
i.n  the  22nd  of  April  in  which,  its  edge  being  presented  to  tb# 
earth,  it  became  invisible,  the  »un  being  atill  north  of  the  planoi 
On  the  3rd  of  September  the  sun,  passing  through  the  plane  of  xhti 
ring,  illumioated  its  sou  them  aurfaoe,  and,  the  earth  being  on  thd 
same  side,  the  ring  was  visible.  On  the  12th,  the  earth  agaiil 
passing  thmugh  the  plane  of  the  ring,  its  northern  surface  wif 
exposed  to  tlie  observer,  which  was  invisible,  the  sun  being  on  the 
southern  side.  The  ring  continued  thus  to  be  invisible  until  thm 
1 8th  of  January,  1 849,  when,  the  earth  once  more  pamnp  througli 
the  plane  of  the  ring,  the  southern  surface  illuminated  by  tha 
Htm  came  into  view.  This  side  of  the  ring  continued  to  be  ex- 
posed to  both  the  earth  and  the  sun  until  1861-2,  the  epoch 
of  the  last  equinox,  when  a  like  succession  of  appearances  and 
disappearances  took  place, — the  sun  and  earth  eventually  pass- 
ing to  the  northern  side,  on  which  they  will  continue  for  a  liia^ 
intenal. 

4') 4.  Bolunldt^B  obaervatlODa  aii4  arawiDK*  of  SKtnm  witbi 
the  rln^  «eeii  vag^ewRyi* — At  the  Satumian  equinox  whic^i 
tuok  place  in  1  848,  a  aeries  of  observations  was  made  at  Boni^ 
the  results  of  which  have  demonstrated  the  existence  of  greal 
inequalities  of  surface  on  the  rings,  having  the  character  of  moun- 
tmns  of  consid^^rable  elevation.  The  observations  were  made  and 
publishwi,  accompanied  by  seventeen  drawings  of  the  appeonince 
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of  the  planet,  iu  beltsj  luid  ring,  by  M.  Julius  Sclimidtj  of  tke  Bonn 
Obaervatory,  • 

We  have  selected  ham.  thefie  drawings  fouTj  which  are  given  m 
Plate  XX. 

On  the  16 th  of  Jane,  the  planet  presented  an  appearance,^,  i, 
closely  leseniMing"  that  of  Jupiter,  except  that  a  dark  streak  was 
seen  along  its  equator,  produced  by  the  iihadow  of  the  ring,  the 
earth  being  then  a  little  above  the  oommon  plane  of  the  ring  and 
the  fiun*  A  few  feeble  streaJfa,  of  a  greyish  colour^  were  visible  an 
each  hemis],ihere,  which  however  disappeared  towards  die  polea. 
A  very  feeble  atar  wa«  ieen  at  the  weetem  extremity  of  the  ring, 
which  was  supposed  to  be  one  of  the  nearer  satellites-  The  ring 
vaLhibited  the  appearance  of  a  broken  line  of  light  projecting  from 
each  eide  of  the  planet's  disk. 

After  this  day  the  shadow  across  the  phmet  disappeared,  but 
was  again  faintly  seen  on  the  25  th  of  July. 

The  ring  continued  to  be  invisible  until  the  3rd  of  September, 
when  a  very  alight  indication  of  it  was  seen,  but  on  the  next  night 
it  beeatne  diatinctly  visible  with  an  interruption  in  two  places,  aa 
represented  in^4/.  2.  The  bright  equat^trial  belt  was  divided  into 
two  imequal  parts  by  the  ring,  the  northern  portiou  being  the  nar- 
rower. Three  small  satellites  were  seen  on  the  prolongation  of  the 
direction  of  the  ring. 

On  the  5  th,  the  ring  was  aymmetrically  broken  on  both  eldear 

On  the  7th,  the  weatem  side  was  divided  into  three  partsi 

On  the  tith,  the  ring  and  planet  presented  the  appeanmce 
]pepre«ented  mjif,  4. 

The  broken  and  changing  appearances  of  the  ring  on  this  occa- 
sion can  only  be  explained  by  the  admission  of  great  inequalitic* 
of  surface  rendering  some  parts  of  the  ring  eo  thick  as  to  be  visible, 
and  others  so  thin  as  to  be  inrisiblej,  when  presented  edgeways  to 
the  obsener, 

435.  Oi»a«rvAtloiu  of  Heraobel.  —  These  observations  of 
Schmidt  are  corroborative  of  those  made  at  a  much  earlier  epoch 
by  Sir  W.  Herschel,  who  discovered  the  existence  of  appearances 
on  the  aurfuce  of  the  rin|*«  indicating  mountainous  inequalities. 

456.  Sni|ip«fted  moltlplloltj'  of  rlafs. —  Some  ob&crvations 
made  at  Home  and  elsewhere  gave  grounds  for  the  conjecture,  thftt 
the  outer  ring  instead  of  being  double^  ia  quintuple,  and  that 
instead  of  hAving  a  single  division,  there  are  four.  It  was  even 
affirmai  with  some  confidence,  that  the  ring  was  septuple,  and 
consisted  of  seven  concentric  rings  suspended  in  the  same  plane* 

• 
*  A0tromomi»che  XachrichUfu  Vol.  xxviii  No.  650. 
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These  conjectupes  were  founded  upon  the  aupposed  permiujeTice  of 
the  black  circuiar  ajid  concentric  streaks  which  are  ob»on'edl  upon 
the  aurface  of  the  rings,  and  which  are  quite  onalogoua  to  the  belta 
of  the  plejnet.  This  assumed  permaueuce  has  not,  however,  been 
re-observed,  altliou!;^h  the  planet  has  been  examined  by  numerous 
obeenrera,  with  teleaeopea  of  very  superior  power  to  those  with 
which  the  observations  were  made  which  formed  the  ground  of  the 
conjecture. 

The  paaaogft  of  Saturn  diainetricftlly  across  any  fixed  star  of 
sufficient  magnitude,  at  the  epoch  of  the  Satumion  solstice,  when 
the  plane  of  the  ring^  is  inclined  at  the  greatest  angle  to  the  Tisual 
line,,  would  supply  the  most  eliii^ible  means  of  testing  the  multiple 
■tructure  of  the  rings  j  for  in  that  case  the  light  of  the  star  would 
be  seen  with  the  telescope  to  flash  through  each  successive  opening 
between  ring  and  ring,  provided  that  the  width  of  such  opening 
were  suflicieut  to  allow  the  visual  ruy  to  clear  the  thickness  of  the 
lingB. 

437.  ftlnr  probably  triple  ^ — obaerratlatifl  of  Messi^ 
&tt»»«ll  aod  l>aw«»,  —  Nevtirtlielesa,  there  are  well  ascertained 
appearancefl  on  the  surface  of  the  outer  riiig,  which  have  been 
thought  to  indicate  a  second  division,  and  that  the  ring  is  triple. 
So  early  as  1838,  Professor  Enc^e  noticetl  an  appearance  which 
indicated  a  division,  and  even  made  drawings  in  which  such  a 
division  is  indicated.  (See  TramactiOfiS  of  the  BerUn  Academt/  of 
Sciences,  I  838.)  On  the  7th  of  September,  1 843,  Messrs.  Lassell 
and  Daweji,  unaware  upparpntly  of  Encke's  obeervAtions,  saw,  with 
ft  nine-feet  Newtonian  reflector  Cfinstructed  by  Mr,  Lnssell,  what 
they  considered  to  he  a  division  of  the  outer  ring.  The  observa- 
tion was  made  under  a  magnifying  power  of  450,  which  gave  a 
aharply  dcHned  disk  to  the  planet,  had  exhibited  the  principal 
division  of  the  rluga  as  a  contiuuoua,  distinctly  seen,  blac^  streak, 
extending  all  round  the  surface  of  the  ring,  A  dark  line  on  the 
outer  ring,  near  the  extremitiea  of  the  ellipse,  was  not  only  distinctly 
seen,  but  an  eatimat©  of  its  breadth,  compared  with  that  of  the 
principal  division,  was  made  by  botli  these  observers,  from  which  it 
appeared  that  this  breadth  waa  about  one  third  of  the  space  which 
aeparfttes  the  two  principal  rings.  Its  place  upon  the  outer  ring 
waa  a  little  less  than  half  the  entire  -width  of  the  ring  from  the  outer 
edge,  and  it  was  equally  i-isible  at  both  ends  of  the  ellip*e.  No 
appearaucea  could  be  discovered  of  any  other  division*,  although 
the  shading  of  the  belts  on  the  inner  ring  was  distinguished. 

438.  &«iearcbea  of  Seat  el  eoifoborftte  tl]Lei«  oonJectar«ft. 
-T— Beasel  coniparn^d  all  the  observations  made  on  the  rings  from 
1700  to  1833,  with  the  view  of  determining  with  more  precision 
the  nodes  of  the  ring,  and  fouud  that  the  ring  has  fre<iueuUy  been 
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teen  when  it  oiij^lit  to  tiaT6  been  iiiTiaible,  If  the  sexertLl  concentric 
rings  of  which  it  consists  were  all  in  the  Ranae  phine  and  had  a 
unifonn  surface.  He  found  that  the  appearances  and  disappear- 
ancefl  had  no  certain  or  regular  epcM[?ha,  and  did  not  correspond 
with  each  other  even  t<>  the  same  obsGrveri  uamg  the  aame  instru- 
inent.  Thus  Schwahcj  at  Dessau,  saw  the  line  of  light  formed  by 
the  ringa  near  their  equinox  rei»olv©  itself  into  a  series  of  point*. 
Schmidt,  as  has  been  etated,  saw  it  become  a  broken  line,  changing" 
its  form  from  niprht  to  nig-bt.  Other  ob8t*rvers  saw  the  ring 
disappear  on  one  mde  of  the  disk,  while  it  was  apparent  on  the 
other.  From  all  these  pheoomena^  it  is  inferred  that  prohahly  the 
rings  are  in  plants  slightly  diflorout ;  that  their  edge  ia  not  re- 
g-ularly  circular,  but  notched  and  dinged ;  and  that  their  surfaces  are 
characterised  by  considerable  mountainous  imdulationa. 

439.  BtscoTerr  of  An  IntiQr  rla^  ImperfeeU^  reltectlTe  ftnd 
p«rtl«llj  tTonsparent.. —  Rut  the  most  fiurj>n^ing^  result  of  recent 
telescopic  observations  of  this  planet  has  been  the  discovery  of  a 
xing^  composed,  as  it  would  appear,  of  matter  refleetino:  light  much 
more  imperfectly  than  the  planet  or  the  rings  nlready  described ; 
and  what  is  still  more  extmorditiiiry,  tmnsipttretit  to  auch  a  degree, 
that  the  body  of  the  planet  can  be  seen  through  it. 

In  1838,  Dr.  Galle,  at  that  time  aasiatant  at  the  Berlin  observa- 
tory, noticed  a  phenometson,  which  he  described  na  a  gradual 
shading  otf  of  the  inner  ring  towarda  the  aurface  of  the  planet,  as 
if  the  solid  matter  of  the  ring  were  continued  beyond  the  limit  of 
itfl  illuminated  surface,  this  continuation  of  the  surface  being 
rendt^od  visible  by  a  very  feeble  iUumination  euch  as  would  attend 
a  penumbra  upon  it;  and  meoaurea  of  this  obscure  surface  were 
published  by  him  in  the  Trantaoiiona  of  the  Berlin  Academy  of 
iSciet^ei  of  that  year. 

The  subject,  however,  attracted  very  little  attention  until  to- 
wards the  dose  of  1  S50,  when  Professor  Bond  of  Cambridge,  Ma«> 
aachuaelts,  U.S.  and  Mr.  Dawes  in  England,  not  only  recognised  the 
phenomeann  noticed  by  Br,  Oalle,  but  ascertained  its  character 
and  features  with  great  precision.  The  obsei-vations  of  Professor 
Bond  which  were  made  on  the  I  5  th  of  November,  were  not  known 
in  England  until  the  4th  of  December ;  but  the  phenomenon  was 
very  Mly  and  satisfactorily  seen  and  described  by  Mr.  Dawes,  on 
the  29th  of  November.  That  astronomer,  on  the  3rd  of  December, 
called  the  attention  of  Mr.  La^ssell  to  it,  who  also  witnesaed  it  on 
that  evening  at  the  obser%"tttory  of  Mr.  Dnwea;  and  both  imme- 
diately published  their  oheervatioas  and  daicriptions  of  it,  which 
appeared  in  Europe  aimultaneously  with  those  of  Professor  Bond. 

It  wea  not,  however,  until  1852  that  the  transparency  was  fully 
aAcertamed.     From  some  observations  made  in  September,  Mr, 
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Dawes  etrongly  sugpected  its  existence,  and  about  the  same  time 
it  was  dearly  eetjn  at  Madras  by  Captain  Jacob,  and  in  October  by 
Mr.  Laasell  at  Malta,  whither  he  had  removed  bis  zo-feet  reflector 
to  obtain  the  advaiitiigeB  of  a  lower  latitude  and  more  serene  aky. 
The  result  of  them  observations  baa  been  the  conclusive  proof  of 
the  unique  pbenomonoi]  of  a  semi-tTansparent  annular  appendage 
to  this  planet. 

440.  Srawlnff  of  tb,o  pl«^«t  iui4  tingm  lu  seen  X>y  Mr- 
Dawes. — The  planet  surrounded  by  this  compound  pyatem  of 
rings  is  represented  in  Plate  XXI.  The  drawing  is  reduced  from 
the  original  ^etch,  made  by  Mr.  D&wea,  of  the  planet  as  seen 
with  his  refipactor  of  6g  inch  aperture,  at  Wateringbury,  in  Novem- 
ber 1852.  Another  representation  of  the  planet  as  seen  by  Mr. 
Laasell  at  Malta,  in  December  1852,  has  been  lithographed,  and 
is  almost  identical  with  tbnt  of  Mr.  Dawes,  In  both  drawings  tho 
form  and  appearance  of  the  obscui'^  ring  and  its  partial  transparency 
are  rendered  q^uite  manifest  The  principal  division  of  the  bright 
rings  is  visible  throughout  its  entire  circumference.  ITie  black 
line,  supposed  to  be  a  division  of  the  outer  ring,  is  visible  in  the 
dit^wing  of  Mr.  Dawes;  but  was  not  at  all  seen  by  Mr.  Lassell. 

A  remarkably  bright  thin  lino,  at  the  inner  edge  of  the  Inner 
bright  ring,  which  appears  in  the  Plate  XXI.,  was  distinctly  aeen 
by  Mr,  Dawes  in  1851  and  1852* 

The  inner  bright  riog  is  always  a  little  brighter  than  the  planet. 
It  ia  not,  however,  uniformly  bright  Its  illumiDation  is  most 
intenee  at  the  outer  edge,  and  grows  gradually  fainter  towards  the 
Inner  edge,  where  it  is  so  feeble  as  to  render  it  somewhat  difficult 
to  ascertain  ita  exact  limit  It  would  seem  as  if  the  imperfectly 
Teflectire  quality  at  the  inner  edge  approaches  to  that  of  the  obscure 
ring  recently  discovered.  The  open  space  between  the  ring  and 
the  planet  has  the  same  colour  as  the  surrounding  aky. 

441.  Bessel's  caloulatloii  of  ttio  miiss  of  the  rfors.— Bessel 
has  attempted  to  determine  the  mass  of  the  syetem  of  rings  by  the 
perturbation  they  produce  upon  the  orbit  of  the  sixth  satellite. 
He  estimates  it  at  i  -i  1 8th  part  of  the  mass  of  the  planet.  The 
thickness  of  the  rings  being  too  minute  for  measurement,  no  esti- 
mate of  the  density  of  the  matter  composing  them  can  be  hence 
obtained  ;  but  if  the  density  he  assumed  to  be  Qciutd  to  that  of  the 
planet  (which  will  be  explained  hereafter),  it  would  follow  that 
the  thickness  of  the  rings  would  be  ftbout  1 38  miles,  which  ia  not 
far  from  the  estimate  of  their  thickness  made  by  observers.  If  this 
thiclmeaa  be  admitted,  the  edge  of  the  rings  woidd  subtend  an 
angle  of  the  l-32nd  part  of  a  second  at  Saturn's  mean  diet;ince. 
Hence  it  will  be  understood  that  the  ring  must  di^ppear,  even  in 

^^  powerful  telescopes,  when  presented  edgeways.  1 
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442.  ataMlttj  of  tiM  liBffs. — One  of  the  dicumstances  at- 
tending this  planety  which  hat  excited  meet  genend  astoniBhmenty 
if  the  &ct  that  the  globe  of  the  ]danet,  and  two^  not  to  saj  more, 
stapendotu  rings,  carried  roond  the  ton  with  a  velocity  of  22,000 
milea  an  hour,  subject  to  a  periodical  variation  not  inconsiderable, 
dne  to  the  vaiying  distance  of  the  planet  from  the  sun,  should 
nerevthelees  maintain  their  relative  position  for  countless  ages  un- 
diitazbed,  the  globe  of  the  planet  remaining  still  poised  in  the 
middle  of  the  rings,  and  the  rings,  two  or  several,  as  the  case  maj 
be,  remaining  one  within  the  other  without  material  connection  or 
apparent  contact,  no  one  of  the  parts  of  this  most  marvellous 
combination  having  ever  gained  or  lost  ground  upon  the  other, 
and  no  apparent  approach  to  collision  having  taken  place,  not- 
withstanding innumerable  disturbing  actions  of  bodies  external  to 
tfaeniL 

443.  Omum  wMicned  fl»r  tlila  stablll^. — The  happy  thought 
of  bringing  the  rings  under  the  common  law  of  gravitation,  which 
gives  stability  to  satellites,  has  supplied  a  strildng  and  beautiful 
aolution  for  tiiis  question.  The  manner  in  which  tiie  attraction  of 
gravitation,  combined  with  centrifugal  force,  causes  the  moon  to 
keep  revolving  round  the  earth  wi^out  falling  down  upon  it  by 
its  gravity  on  the  one  hand,  or  receding  indefinitely  from  it  by 
the  centrifugal  force  on  the  other,  is  well  understood.  In  virtue 
of  the  equality  of  these  forces,  the  moon  keeps  continually  at  the 
same  mean  distance  from  the  earth  while  it  accompanies  the 
earth  round  the  sun.  Now  it  would  be  easy  to  suppose  another 
moon  revolving  by  the  same  law  of  attraction  at  the  same  distance 
from  the  earth.  It  would  revolve  in  the  same  time,  and  with  the 
same  velocity,  as  the  first.  We  may  extend  the  supposition  with 
equal  facility  to  three,  four,  or  a  hundred  moons,  at  tiie  same  dis- 
tance. Nay,  we  may  suppose  as  many  moons  placed  at  the  same 
distance  round  the  earth  as  would  complete  the  circle,  so  as  to 
form  a  ring  of  moons  touching  each  other.  They  would  still 
move  in  the  same  manner  and  with  the  same  velocity  as  the  single 
moon. 

If  such  a  ring  of  moons  were  beaten  out  into  the  thin  broad 
flat  rings  which  actually  surround  Saturn,  the  circumstances 
would  be  somewhat  changed,  inasmuch  as  the  periods  of  each 
concentric  zone  would  vaiy  in  a  certain  ratio,  depending  on  its 
distance  from  the  centre  of  Saturn,  so  that  each  such  zone  would 
have  to  revolve  more  rapidly  than  those  within  it,  and  less 
rapidly  than  those  outside  it.  But  if  the  entire  mass  were  cohe- 
rent, as  the  component  parts  of  a  solid  body  are,  the  complete 
ring  might  revolve  in  a  periodic  time  less  than  that  due  to  its 
exterior,  and  longer  than  that  due  to  its  interior  parts.    In  fact, 
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the  period  of  ita  revolution  would  lie  tlie  period  due  to  a  certam 
2one  lyiBg  n?ar  the  middle  of  its  brpadth,  exactly  as  the  time  of 
Oflclliation  of  a  compound  pettdidum  is  that  which  ia  proper  to 
the  centre  of  oacillatioo  (M.  506).  Indeed,  the  caae  of  the  oedl- 
lation  of  a  pendulum,  and  the  conditions  which  determine  the 
centre  of  oscillation,  alford  a  very  atriking-  iUuutration  of  the  physical 
phenoniena  here  contemplated. 

444.  Rotation  of  tbe  rinfa.  —  Now  the  ohservaticnft  of  Sir 
William  llurschel  on  certain  appearances  upon  the  surface  of 
the  rings,  led  to  the  discovery  that  they  actually  hare  a  revolu- 
tion round  their  common  centre  and  in  their  owo  plane,  and  that 
the  time  of  such  revolution  is  very  nearly  equal  to  the  periodic 
time  of  a  satellite  whose  distance  from  the  centre  of  the  planet 
would  be  equal  to  that  of  the  middle  point  of  the  breadth  of  tbe 
rinp-s. 

But  if  the  principles  above  explained  be  admitted,  it  would 
follow  that  each  of  tbe  concentric  zones  into  which  the  ring  is 
divided  would  have  a  different  lime  of  rt'volution,  juat  as  SAtel-K 
lit^  at  different  distances  have  different  periodic  times;  and  it 
ia  extremely  probable  that  such  may  be  the  ease,  because  no 
obsenatioQs  hitherto  made  afford  results  sufficiently  exact  and 
conclusive  aa  to  either  establiah  or  overturn  such  an  hypothesis. 

It  ttppearSj  therefore^  that  the  stability  of  the  rinjrs  ia  explicable 
upon  the  same  principle  as  the  stability  of  a  satellite. 

445.  Bzoestrleltj  of  tt^e  rliir«»^The  fact  that  the  system 
of  rings  ia  not  coucentrical  with  the  planet  resulted  from  some 
observations  made  by  Messrs.  Hurtling  and  Sehwabe ;  after 
which  the  subject  was  taken  up  by  Professor  Struve,  who,  by 
delicate  micrometrtc  obsenr'ations  and  measurements  execut4?d 
with  the  great  Dorpat  instrument,  fully  established  the  fact,  that 
the  centre  of  the  rings  moves  in  a  smalJ  orijit  round  the  centre  of 
the  planet,  beinjj  carried  round  by  the  rotation  of  the  rings. 

446.  Arram«Qts  for  tb«  stalillltr  founded  on  tbe  exeen- 
tiioft7.  —  Sir  John  llerschel  hns  indicated,  in  this  deviation  of  the 
centre  cjf  the  rin^a  from  the  centre  of  tbe  planet,  another  source 
of  tbe  stabillt)'  of  the  Satumian  system.  If  the  rings  were 
"  mathematically  perfect  in  Iheir  circular  form,  and  exactly  con- 
centric with  the  planet.  It  is  demonstrable  that  they  would  form 
(in  spite  of  their  centrifugal  force)  a  system  in  a  state  of  imstahle 
eqvilihrinm^  which  the  slightest  external  power  would  subvert  — 
not  by  causing  a  rupture  in  the  substance  of  the  rings,  but  by 
precipitatuig  them,  mihroken^  on  the  stu^;ftee  of  the  planet.  For 
the  ftttrarti  in  of  Buch  a  ring  or  rings  on  a  point  or  sphere  exc^n- 
trically  situate  within  them  is  not  the  same  in  all  directions,  but 
teiidfl  to  draw  the  point  or  sphere  toward  the  nearest  part  of  the 
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fing,  or  ftWAj  from  the  centre.  Hence,  supposing  the  hodj  to  he* 
come,  from  smv  cause,  ever  so  Htt!e  excentric  to  tho  ring,  the 
tendency  of  their  miitiiHl  ^avity  ie,  not  to  coiTcct  but  to  iacreftse 
thU  exccnti'icity,  and  to  bring  the  nearest  parts  of  them  together. 
Now,  external  powers,  capable  of  produeinp  such  excentricity, 
exist  in  the  attrftctiona  of  the  aatellitea :  and  in  order  that  the 
lystem  may  be  ^able^  and  posseu  within  it^df  a  power  of  resbting 
the  first  inroada  of  such  a  tendency,  while  yet  nascent  and  feeble, 
and  opposing  thera  by  an  opposite  or  maintaining  power,  it  has 
been  ahown  (but  it  i»  t»ui!lcient  to  admit  the  rings  to  he  ioaded  in 
tome  part  of  their  circumference,  either  by  some  minute  inequality 
of  thickness,  or  by  some  portioDS  being  denser  than  others.  Such 
a  load  would  give  to  the  whole  riDg  to  which  it  wa^  attached 
somewhat  of  the  charact^^r  of  a  beai-y  and  sluggish  Batelllte^ 
maintaining  itself  in  an  orbit  with  a  certain  energy  sufficient  to 
overcome  minute  causes  of  disturbance,  and  establish  an  averfigo 
bearing  on  its  centre.  But  even  without  supposing  the  existence 
of  any  auch  load  — of  whichJ^  after  all,  we  have  no  proof— and 
granting,  therefore,  in  its  full  extent,  the  gieneral  instability  of  the, 
equilibrium,  we  think  we  perceive,  in  the  periodicity  of  all  the 
cauaea  of  disturbance,  a  anfficient  guanuitee  of  its  preservation* 
How«T0r  homely  he  the  illustration,  we  can  conceive  nothing  more 
Rpt  in  every  way  to  give  a  general  conception  of  this  maintenance 
of  equilibrium,  under  a  constant  tendency  to  subversion,  than  the 
mode  in  which  &  pracriscd  hand  will  sustain  a  long  pole  in  a  per- 
pendicular position  resting  on  the  finger,  by  a  continual  and  almost 
imperceptible  variation  of  the  point  of  support  Be  that,  however, 
as  it  may,  the  observed  OMcillation  of  the  centres  of  the  rings 
about  that  of  the  planet  is  in  itself  the  evidence  of  a  perpetual 
contest  between  conservative  and  destructive  powers  —  both  ex- 
tremely feeble,  but  so  antagonising  one  another  as  to  prevent  the 
latter  from  ever  acquiring  an  uncontrollable  ascendency,  and  rush- 
ing to  a  catastrophe." 

Sir.  J.  Herschel  further  ohaerves,  that  since  '*  the  least  dif- 
ference of  velocity  between  the  planet  and  the  rings  must  infallibly 
precipitate  the  one  upon  the  other,  never  more  to  separate  (for, 
once  in  contact,  they  would  attain  a  position  of  stable  equilibrium, 
and  he  held  together  ever  after  by  an  immense  force),  it  follows 
either  that  their  motions  in  their  common  orbit  round  the  sun 
must  have  been  adjusted  to  each  other  by  an  external  power  with 
the  minutest  precision,  or  that  the  rings  must  h^ve  been  formed 
about  the  planet  while  subject  to  their  common  orbital  motion, 
and  under  the  full  and  free  influence  of  all  the  acting  forces." 

The  riBg;fli  must  obviously  form  a  most  remarkable  object  in  the 
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fii-mament  to  obseryere  stationed  on  5alum,  md  must  play  an 
portaot  part  in  their  uranography-     The  problem  to  detei 
their  appareot  magnitudej  foroij,  and  positioa^  m  relation  to 
fixed  BtarS],  the  huii^  and  SatumiaD   moona,  has,  therefore^ 
regarded  aa  a  question  of  intereatiiig  speculatioE,  if  not  of  ^ 
scientific  importance.    The  subject  haa,  accordingly,  more  or  le^ 
engaged  the  attention  of  afitroDomera.    The  conclufiion,  boweveri 
which  they  have  arrived,  aod  the  riews  which  ha\*e  been  gent 
expressed  and  adopted  respecting^  it^  are  open  to  considerable  doul 
if  not  altogether  erroneous.     It  is  not  the  object  of  this  work 
enter  controvoreially  on  any  disputed  part  of  lustronomical  scienc 
we  miiat  therefore  leave  the  subject  in  the  hands  of  those  who 
int created  in  a  aubject,  which  to  say  the  leaat^  may  be  conaide] 
epeculative.* 

447.  SAtelUtea.^  Satum  ii  attended  by  eight  BateUitea^  aei 
of  which  move  in  orbita  whose  planes  coincide  very  nearly  wil 
that  of  the  equutor  of  the  planet,  and  therefore  with  the  plane 
the  linga.     The  orbit  of  the  remaining  satellite^  which  ia  the  moflj 
diatant,  ia  inclined  to  the  equator  of  the  planet  at  an  angle  of  aboul 
1  z^  1  j^%  and  to  the  plane  of  the  planet^a  orbit  at  nearly  the  aamd 
*ngle.  ^        ^  ] 

44S.  Tlielr  Domeii(^&tiuf«i —  In  the  deaignations  of  the  satel^ 
litea,  much  confusion  has  arisen  from  the  dimgreement  of  aatroJ 
nomera  aa  to  the  principle  upon  which  the  numerical  order  of  th^ 
satellitea  ahould  be  determined.  Some  name  them  fi^rat;  aecondJ 
third,  &C.J  in  the  order  of  their  diacovery  j  while  others  designate 
them  in  the  order  of  their  dlstaucea  £K>m  Saturn,  It  haa  b^eqf 
proposed  to  remove  all  coufuaion,  by  giving  them  names,  takeaj 
like  those  of  the  planets,  from  the  heathen  divinities.  The  followJ 
ing  metrical  arrangament  of  these  names,  in  the  order  of  their 
diatanc£a,  proceeding  from  the  moat  distant  inwards,  boa  been 
proposed,  as  aJfording  an  artificial  aid  to  the  memorj^ : —  ] 

lapelua.  Titan ;  Rliea,  Dione,  Tethyi  f  |  J 

Eucekdua,  fill  mas ■,  % 

449.  Order  of  tbeir  disc  overjr.— Since  this  waa  euggeated^' 
the  eighth  satellite  situate  between  lapetus  and  Titan  has  beeib 
discovered,  and  called  Hyperion. 

•  Thf»e  prevailing  errors  respecting  the  uraiiography  of  Saturn,  fonu  th« 
materialfl  of  a  long  and  interesting  paper  by  Dr,  Lardner,  iiublkhcd  in  the 
JlfeMunrj  of  the  Moj/at  Aatrmtomict^  Saciettf,  Vol.  XXII.  Tiios«  wbo  feel 
iuterested  in  ttie  cuufiideration  of  this  subject  uuty  couaull  thia  memoir  with 
aitvjuiUge.  —  iv.  D, 

t  Pruw^uuced  Tfilhvi. 
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>.»•. 

Dkeofmn. 

WlMdkMvvnd. 

TiUn. 

UpCllM. 
RhM. 

Dtone. 

Teihyt. 

EnceUdus. 

Mima*. 

Hjrperion. 

Da 

l)o. 

Do. 
BlrW.HeneheL 

Do. 
Meun.  Lauell  and  Bond. 

March,  ffcc. 
DecfiDBbrr.  1671. 

as 

SeptemberTiTeQ. 

Hyperion  was  diBcorered  on  the  same  night,  the  19th  of  Sep- 
tember, ]  848,  bj  Mr.  Lassell  of  Liverpool,  and  Professor  W.  C. 
Bond  of  the  UniTersitj  of  Cambridge  in  the  United  States. 

450.  Th0lr  ditaimaa  mnA  periods. — The  periodic  times  and 
mean  distances  of  these  bodies  firom  the  centre  of  Saturn,  ascer- 
tained bj  the  same  kind  of  observations  as  already  explained  in 
the  case  of  the  satellites  of  Jupiter,  are  as  follows : — 


OidM. 

VaoM. 

PMod. 

Dta». 

D.    H.     X.     B. 

"ssr 

1 
1 
1 
4 

1 

I 

tlllll 

0  11    37    M-9 

1  8    5|     67 
1    »i    18   157 
»    17   4«      8*9 
4    la   %s    lorS 

15    u   41    »5^ 
«     7     7   408 
79     7    SJ    40-4 
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6nS9P 

451.  aionvattoas  aad  Mlattre  dlstaaeas. — The  greatest 
elongations  of  the  satellites  from  the  primary,  and  the  scale  of  theb 
distances  in  relation  to  the  diameters  of  the  jdanet  and  its  rings, 
are  represented  in  Jiff,  73,  assuming,  for  convenience,  that  the 
angular  value  of  the  semidiameter  of  the  planet  is  equal  to  lo". 

It  appears,  therefore,  that  the  orbit  of  the  most  remote  of  the 
satellites  subtends  a  visual  angle  of  only  1286''  at  the  earth,  being 
about  two-thirds  of  the  apparent  diameter  of  the  sun  or  moon,  and 
within  this  small  visual  space  all  the  vast  physical  machinery  and 
phenomena  which  we  have  here  noticed  are  in  operation,  and 
within  such  a  space  have  these  extraordinary  discoveries  been 
made.  The  apparent  diameter  of  the  external  edge  of  the  rings 
is  only  44'',  or  the  fortieth  part  of  the  apparent  diameter  of  the 
snn  or  moon ;  yet  within  that  small  circle  have  been  observed  and 
measured  the  planet,  its  belts,  atmosphere,  and  rotation,  and  the 
two  rings,  their  magnitude^  rotation,  and  tiie  lineaments  of  their 
surface. 
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452.  v&rtoiiB  pbatt««  ABd  iipp«RrftBOt»  of  Ui^  sAtclUtos  ta 
o^m^TweTm  on  tbe  planet, —  All  that  has  been  said  of  the  phnaefl 
and  appearances  of  the  moons  of  Jupiter,  aa  pre* 
Bioted  to  the  inhabitants  of  that  planet,  is  e<}ually 
applicablo  to  the  satellites  of  Saturo,  with  this  dif- 
ference, that  instead  of  four  there  are  eight  moons 
cant  Dually  revoWing  round  the  planet,  and  exhibit- 
ing all  the  niontlilj  changes  to  which  we  are  ac- 
customed in  the  case  of  tjie  solitaij  satallite  of  the 
earth. 

The  periods  of  Sfttnra's  mooDB,  like  thoM., 
Jupiter,  are  short,  with  the  exception  of  those 
remote  from  the  primary.  The  nearest  paase* 
throujph  all  its  phases  in  22^  hours,  and  the  fourth, 
counting  outward%  in  less  than  66  hours.  The  next 
three  have  months  Tarying  from  4  to  21  terrestrial 
dftja. 

These  seTen  moons  move  in  orbits  whose  plane« 
are  nearly  coincident  with  the  plane  of  the  rings. 
The  conse<iuence  of  this  arrangement  is,  that  they 
are  always  Yisible  by  the  inhabitants  of  both  hemi- 
spheres when  they  are  not  eclipsed  by  the  shadow  of 
the  planet. 

The  two  inner  satellites  are  seen  making  their 
rapid  course  along  the  external  edge  of  the  ring, 
within  a  very  small  apparent  distance  of  it.  The 
motion  of  the  nearest  is  so  rapid  as  to  be  per- 
ceivable, like  thfit  of  the  hour-baud  of  a  colossal 
time-piece.  It  describes  360°  in  22|  hours^  being 
at  the  rate  of  1 6**  per  hour,  or  1 6'  per  minute,  no 
J-,    .  that  in  two  minutes  it  moves  over  a  space  equal  to 

the  apparent  diameter  of  the  moon. 
The  eighth,  or  most  remote  satellite,  is  in  many  respects  ex- 
ceptional,  and  diilerent  from  all  the  others.      Unlike  these,  it 
motes  in  an  orbit  inclined  at  a  considerable  angle  to  the  plane  of 
the  rings. 

It  is  exceptional  also  in  its  distance  from  the  primary,  being 
removed  to  the  distaaoe  of  6f  semidiameters  of  Saturn.  The 
only  cBoe  aoalogous  to  this  presented  In  the  mlei^  system  is  that  of 
tlie  earthed  moon,  th«  distance  of  which  iB  60  semidlametert  of 
the  primary. 

45  3.  Mmtmltndm  of  tfae  •ftt«iut0s, —  Owing  to  the  great  dio- 
tance  of  Saturn,  the  dimenaiona  of  th*i  satellites  have  not  been 
nacertained.  The  sixth  in  order,  proceeding  outwards,  is,  however, 
known  to  be  the  ki:;{^t,  luid  it  Hppeors  certain  that  its  volume  i§ 
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1Mb  ktt  than  that  of  the  planet  Mars.  The  thrc«  aatelHtea 
imniediiitelj  witiiiii  this,  Rhea,  Dione,  and  Tethya,  are  Bmaller 
bidies,  and  cio  only  he  seen  "with  teleRcopea  of  great  power.  The 
other  two,  Mimajs  and  Eoceladus,  reqiiire  instniments  of  the  very 
highest  power  and  perfection,  and  atmospheric  conditions  of  the 
most  fftvourflble  nature,  to  be  ohsGrvahle  at  all.  Sir  J.  Herachel 
fiayg,  that  at  the  time  they  were  discovered  by  his  father  "  they 
were  seen  to  thread,  like  heads,  the  almost  infinitely  thin  fibre  of 
light  to  which  the  ring,  then  seen  edj^waya,  was  reduced,  and 
for  a  short  time  to  advance  oH'  it  at  either  end,  speedily  to  return, 
and  hastening  to  their  habitual  concealment  behind  the  body." 

454..  Apparent  taaf:nttiid«i  as  •««]!  ftoia  ftatnm*  — The 
real  mBirnitiiJt'^  of  iho  aalellites,  th«  sixth  excepted,  being" 
unascertained,  nothing  can  be  inferred  with  any  certainty  respecting 
their  apparent  magnitudes  as  seen  from  the  surface  of  Saturn,  except 
what  may  be  reaAonaMy  conjoctured  upon  analogies  to  other  like 
bodiea  of  the  system.  The  satellites  of  Jupiter  being  all  greater 
than  the  moon,  while  one  of  them  exceeds  Mercury  in  magnitude, 
and  another  is  but  little  inferior  iu  volume  to  that  planet,  it  may 
be  aseiimed  with  great  probability  of  truth  that  the  satellites  of 
Saturn  are  at  least  severally  greater  in  their  actual  dimeusiona 
than  our  moon. 

If  thid  he  admitted,  their  probable  appar^t  magnitndea  as  seen 
from  Saturn  may  be  inferred  from  their  distauces.  The  distance 
of  the  first,  Mimas,  firom  the  nearest  part  of  the  surface  of  the 
planet,  is  only  90,000  miles,  or  nearly  2  J  times  less  than  the 
dbtance  of  the  moon  ;  the  distance  of  the  second  is  about  half  that 
of  the  moon  ;  that  of  the  third  about  two-thirds,  and  that  of  the 
fourth  about  five-eixths,  of  the  mooD^s  diBtance.  If  these  bodies, 
therefore,  exceed  the  moon  iu  their  actual  dimenaiouSj,  their  apparent 
magnitudes  as  seen  from  Saturn  will  exceed  the  apparetit  miiguitude 
of  the  moon  in  a  still  greater  ratio  than  that  in  which  the  dietance 
of  the  moon  from  the  earth  exceeds  their  several  distances  from 
the  surface  of  Saturn.  Of  the  remaining  satellites,,  little  is  as  yet 
known  of  the  seventh,  and  apparently  the  most  minute,  Hyperion, 
which  was  only  discovered  in  1848;  and  the  great  magnitude  of 
the  sixth,  Titan,  renders  it  probable  tliat,  nntwithstauding  ils^great 
distance  from  Saturn,  it  may  still  appear  with  a  disk  not  veiy  much 
lees  than  that  of  the  mr>nn, 

455.  motatioti  HD  tli«lr  luea,  —  The  case  of  the  moon,  and  the 
observatloiia  made  on  the  satellites  of  Jupiter,  raise  the  presumption 
that  it  is  a  general  law  of  secondarj^  planets  to  revolve  on  their  axes 
in  the  times  in  which  they  revolve  round  their  primary,  The 
great  distance  of  Saturn  has  deprived  observers  hitherto  of  the 
power  of  teating  this  law  by  the  Satundan    aystem.    Certain 
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appeamncet,  bowevcr,  whic"h  have  been  obseired  in  the  case 
the  great  Buttillite  Titan  indicate^  at  least  with  lefaid  to  it»  such  a 
rotation-  The  variation  of  ita  ap|»arect  brightness  in  different  parta 
of  ita  orbit  is  very  conspicuous,  and  the  changes  have  a  fixed 
relation  to  ita  elongation,  the  same  deitpTOO  of  hrightneas  alwa^ra 
corresiponding  to  the  same  position  of  the  aatellit©  in  relation  to  its 
primary.  Now  thia  is  an  effect  which  would  be  explicable  on  the 
auppositioa  that  different  aides  of  the  satellite  rtfl«ct  light  with 
different  degrees  of  intensity^  and  that  it  revolvea  on  ita  as-is  in  the 
same  time  that  it  revolves  round  its  primary.  It  haa  been  obiserveil 
that,  when  the  Batellite  has  eaatem  eiongation,  it  has  ceased  to  bo 
viftiblej  from  which  it  haa  been  inferred  that  the  henjiaphere  then 
turned  to  the  earth  has  so  feeble  a  reflective  power  that  the  light 
proceeding  from  it  is  insuilicient  to  aflect  the  eye  in  a  sensible 
degree.  The  improvement  of  telescopes  has  enabled  observers  to 
foUow  it  at  present  through  the  entire  extent  of  its  orhit,  but  the 
diminution  of  ita  lustre  on  the  eastern  side  of  the  planet  is  still  so 
great,  that  it  is  only  seen  with  the  greatest  difficulty. 

456.  Mwii  of  Saturn* — The  mass  of  Saturn  is  ascertained  by 
the  motioQ  of  his  satellites,  and  is  found  to  be  the  3500th  part  of  the 
mase  of  the  sun,  or  about  90  times  greater  than  that  of  the  earth. 

457.  Denaltj^ — Since  the  mass  of  Saturn  is  only  100  times 
greater  than  that  of  the  earth,  while  his  volume  is  about  1  ooo  times 
greater,  it  follows  that  thia  planet  is  composed  of  matter  whoeo 
mean  density  is  about  ten  times  less  than  that  of  the  earth ;  and 
since  the  density  of  the  earth  is  about  five  and  a  half  times  greater 
than  that  of  water,  it  follows  that  the  <leDsitj  of  Saturn  is  a  little 
more  than  half  that  of  water.  This  is  the  density  of  the  light  sorts 
of  wood,  such  as  cedar  and  poplar,  and  ia  about  twice  the  density 
of  cork  (H.  91). 
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458,  Blaeoverj-  of  iTraniu* — WhEe  occupied  in  one  of  his 
surveys  of  the  beavenH  on  the  night  of  the  tjth  of  March,  1  78 1, 
the  attention  of  Sir  William  Herschel  was  attracted  by  an  object 
which  he  did  not  find  registered  in  the  catalogue  of  stars,  and  which 
presented  in  the  telescope  an  appearance  obviously  different  from 
that  of  a  fixed  star.  On  viewing  it  with  increased  msgn taping; 
powMTB,  it  presented  a  sensible  diak ;  and  after  the  lapse  of  some 
dayt,  its  place  among  the  fixed  stars  was  changed.  This  object 
must,  therefore,  have  been  either  a  comet  or  a  planet;  and  Sir  W, 
Herschel  in  the  first  instance  announced  it  as  the  former.  Wheijp 
howerer,  submitted  to  further  and  more  continued  observation,  it 
was  foiind  to  move  in  an  orbit  nearly  circular,  inclined  at  a  ^nal| 
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angle  to  tlia  plane  of  the  ecliptici  and  to  Kare  a  dkk  Bensiblj 
circular. 

It  appeared,  tberefore,  to  have  the  diaractera/not  of  acomei, 
but  a  planet  Tevolviog  outaidta  the  orbit  of  Satura,  It  was  n&med 
the  '*  Georgiiim  Sidua"  by  Sir  W.  Herachyl,  in  compliment  to  his 
friend  and  patron  George  HI.  This  nimie  Hot  being  accepted  by 
foreign  aatronomers,  tbat  of  "  Heracbel "  woa  proposed  by  Laplace, 
and  to  some  extent  for  a  time  adopted.  Definitely,  however,  the 
scientific  world  has  agreed  upon  the  name  "  UraDna/'  by  which 
this  member  of  the  system  is  now  universally  designated, 

459.  Period,  by  ■ynodlo  xDoUoit.  —  Owing  to  the  great  length 
of  the  period  of  this  planet,  those  naethoda  of  determination  which 
re<juire  the  observation  of  oae  or  more  complete  revolutionfl  could 
not  be  applied  to  it  The  synodic  period,  however,  or  the  interval 
between  two  Buccesaive  oppositiona,  being  only  369*4  days, 
supplied  a  meana  of  obtaining  a  first  approximation.  This  gives  a 
period  of  30,643  days. 

460.  S?  tbe  »pp«rfliit  mdtloii  In  4|iiadr&tmre. — Wben  a 
planet  is  in  quudrftture,  its  visual  direction  being  a  taugent  to  the 
eitttli's  orbitj  its  apparent  place  ia  not  affected  by  the  earth's  orbital 
motion.  In  the  quadrature  which  precedes  opposition,  the  earth 
moves  directly  towards  the  planet ;  and  in  the  quadratui'e  which 
follows  opposition,  it  moves  directly  Jrom  the  planet.  In  neither 
case,  therefore,  would  its  motion  produce  any  apparent  change  of 
place  in  the  planet  It  follows,  therefore,  that  when  a  planet  is  in 
quadrature,  its  apparent  motion  is  due  exclusively  to  its  own  motion 
and  not  at  all  to  that  of  the  earth.  The  daily  motion  of  tlie  planet 
m  then  observed  is,  therefore,  the  actual  daily  increment  of  its  geo- 
centric longitude. 

But  in  the  case  of  a  planet,  such  as  Uranus,  or  even  Saturn, 
whose  distance  from  the  sun  benra  a  large  ratio  to  the  earth's  distance, 
the  geocentric  motion  of  the  planet  will  not  differ  sensibly  firom  the 
beliocentric  motion ;  and,  therefore,  the  geocentric  daily  increment 
of  the  planefs  longitude  observed  when  in  quadrature  may,  to 
obtain  an  approxinnative  value  of  the  period^  be  taken  as  the  daily 
increment  of  tbe  beUocentric  longitude.  If  this  increment  be  ex- 
pressed by  If  we  shall  have 

360° 

Now,  it  is  found  that  the  apparent  daily  increment  of  the  planet'i 
longitude  when  in  quadrature  is  +2'"*23,  If  360°  be  reduced  to 
seconds^  we  shall  then  have 

^      1 296000  , _ 

p=  ^^=30689. 
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By  ranre  accurftte  calcultttion,  the  periodic  time  has  b«en  deter* 
mined  at  30,68682  duys,  or  84  years. 

^^^^^^^  461,  BellcKscDtrlc  mation*  — -  The  mean  djiilj 
Hjj^^^H  heliocentric  irnotioa  of  the  planet  is,  tliereforej,  luoie 
H^^^JH      exactlv,  4 2 ''-23 3. 

I^^^^^Q  462.  mstaiic«  ftom.  Ute  uom, — The  mean  db- 
tance  of  Uranus  from  the  aim  is  1 9*1 83  timus  that  of 
the  earth,  and,  cooaequently,  the  actual  distance  ia 
«hQut  1,753,869,000  mik's,  its  dij*Unce  Irom  the 
efirth  being,  when  iu  oppositioa^  tberefore  1662 
millions  of  miles. 

Thfl  excpntricity  of  the  orbit  of  Umnua  being 
0'0466,  these  diitances  are  iiablo  to  only  a  veiy 
smiiil  variatioo*  The  distance  from  the  sun  is  in- 
ereased  in  aphelion^  and  dimiDished  in  perilielion 
by  less  than  a  twentieth  of  its  entire  amount.  The 
plane  of  the  orbit  coincides  very  nearly  with  that  of 
the  ecliptic. 

46  3 «  &«lativ«  orbit  nod  dlstiuioe  ftom  th* 
eartb.  —  The  relative  pmportion  of  tho  orbits  of 
Uranus  and  tlim  earth  are  represented  in  J^.  74^ 
wliL're  K  f/  p/'  is  ihe  orbit  of  the  earth,  and  a  v  the 
distJiiif*?  of  Uranus  from  the  sun.  The  four  post- 
tiona  of  the  earth,  corresponding^  to  the  opptjsitioa^ 
conjunction,  and  quadratures  of  the  planet,  are  re- 
preHi^nted  an  in  the  former  caw^'*, 

464.  VaAt  scale  ©r  tbe  orbital  motion.— Tho 
distance  of  Uranua  from  the  flun  being  above  nine- 
teen times  thiit  of  the  earth,  and  the  earth  being  at 
such  a  distance  that  light,  mnving  at  the  rate  of 
nonrly  200,000  miles  per  aecond,  takes  about  eight 
minutva  to  come  from  the  aun  to  the  earth  ;  it 
follows  that  it  win  tate  19x8—152  miuutea,  or 
about  two  hours  and  a  half,  io  moro  from  the  son  to 
UranuH.  Sunrise  and  eimaet  are,  therefore,  not 
perceived  by  the  inhabitants  uf  that  planet  for  two 
hours  and  a  half  after  they  re  ally  tale  place,  for  tho  Bira  does  not 
appear  to  rise  or  aet  until  the  light  moriDg  from  i%  at  the 
moment  it  touches  the  plane  of  the  horizon,  reaches  the  eye  of  th^ 
observer. 

The  dinmeter  of  the  orbit  of  UranuB  measurinjr,  in  round  num- 
bers, 3.500  milliona  of  miles,  its  circumference  measures  11,000 
millions  of  miles,  over  whicli  the  planet  moves  in  30,687  daya. 
Iti  mean  daily  motion  is  therefore  358,000  miles,  and  its  hourly 
motioiif  coDsequentlyf  about  1 5,000  miles. 
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465.  Appftrent  and  real  diameters.  —Tha  appmreDt  diaoieter 
of  Uranus  in  opposition  eiceeda  4"  hy  &  small  fraction.  At  the 
dist^Dce  of  the  planet  from  the  earth,  in  that  poaitiois,  the  linear 
valiiB  of  J "  is  8060  niileB ;  the  aclufll  diameter  of  the  placet  by 
this  method  is  therofore  33,329  mile^,  being  about  balf  that  of 
SaturOj^  and  a  little  more  than  4I  times  that  of  the  earth.  The 
diameter  frenemlly  adopted  h  33,247  miles. 

466. — fimrfl»o«  and  volnmv.— The  aurfucc  of  UrnntiB  is  there- 
fore I  8  limes,  and  )t«  volume  Jiboufc  74  tvino»  that  nf  the  *>arth. 

467.  duriiiiJ  rotatfoB  and  pbj-ftloiil  ctiaraot«r  of  tnrrkee 
unauiertaliied.  — The  vmt  distniu-e  of  thi<*  plitiii!t,  H.iid  its  ctitise- 
quent  small  appai'i3Dl  ma^ittide  ajid  faint  illumination,  have  ren- 
dered it  hitherto  impracticable  to  discover  anj  indic4itionB  of  its 
diiinial  rotation,  the  oxiatence  of  an  atmosphere,  or  any  of  the 
other  phj^icttl  charactera  which  the  tt^lescope  has  diaclosed  in  the 
case  of  the  nearer  of  the  prn?at  planet*. 

468.  S»Uur  Uffbt  and  beat, — The  apparent  diameter  of  the  nun 
tkn  seen  from  Uranna,  is  less  thftn  aa  seen  from  the  earth  in  the 
ratio  of  i  to  19,  The  magnitiide  of  the  fliin*s  diak  at  thv  earth 
being  mippoaed  to  be  repteaented  by  ^^Jt^,  75,  it«  magnitude  seen 
from  Uranus  would  be  IT. 

The  illuminnting  and  Tvann- 
jnf^  powera  of  the  solar  mys,  un- 
der the  tame  phydcal  cmiditttttvSf 
are  therefore  19*  =  361  tiniei* 
less  At  Uranus  than  at  the  eailli. 

469.  Saspttcted  rl0f** — It 
'was  at  one  time  suspected  by 
Sir  W.  Hers<rhel  that  this  planet 
was  Burrounded  by  two  systema 
of  rings  with  planes  at   right  ^^ir  7i- 

anglea  to  each  other.    Subsequent  observation  has  not  realised  tbis 
conjee  tiire. 

470.  Sat«lllteA. — It  ha«  been  ascertained  that  Unmua,  like 
the  other  major  pknots,  is  attended  by  a  system  of  Batellites^  the 
number  of  which  is  not  yet  certainly  determined,  and  which,  firotn 
the  great  remoteness  of  the  Uranian  system,  cannot  be  seen  at  all 
except  by  the  aid  of  the  most  perfect  and  powerful  t*?]e8<!opea» 

Siir  W.  Ilerachel,  soon  nfler  discovering  this  planet,  announced  the 
existence  of  a  system  of  six  satellites  attending  it.  On  the  1  Hh 
of  January,  1787,  the  second  and  fourth  in  order  of  distance  from 
the  planet  were  discovered,  the  remaining  four  having  been  noticnd 
in  the  interval  between  the  beginning  of  1 790,  and  the  end  of  1 798. 
I'he  periods  and  distances  of  the  satellites  as  determined  generally 
by  Sir  W.  Herscbel^  are  expressed  in  the  following  Table :  — 
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Sabaequent  obserrations  have  confirmed  this  dkcoTeij  bo  far  only 
M  relAtea  to  the  second  and  fourth  aatdliU^s,  the  first,  third,  fifth, 
and  sixth,  having  only  "boen  seen  by  Sir  W.  Herachel.  The  othen 
not  hftTing  been  re-obaen-ed^  notwithstanding  the  vast  impTovement 
which  haa  taken  place  in  the  conatmction  of  telescopes^  and  the 
greatly  multiplied  number  and  increased  activi^  and  zeal  of  obaer- 
vera,  muflt  bti  considered,  to  say  the  least,  as  problematical. 

Considerable  attention  has  been  devoted  to  thia  planet  by  Mr. 
Laaaell  and  others^  with  the  object  of  removing  the  uncertainty 
which  is  altftched  to  the  number  of  satellites  belonging  to  it.  The 
two  principftl  satellites  of  Sir  W.  Heracbel,  the  second  and  fourth, 
are  by  far  the  most  conapicuoufl,  and  their  distaocea  and  periods 
have  been  aNertMned  with  tdl  desirable  accuracy  and  certainty. 
Two  iimer  satellites  named  Ariel  and  Umbriel  revolving  around 
thepirimary  within  the  second  of  Sir  W.  Herscbefa,  have  been,  since 
1 84.7,  frequently  obeerved,  particularly  by  Mr.  Lasaell,  at  Malta, 
in  1852,  to  which  place  he  transferred  his  lofeet  reflector;  by 
which  means,  and  in  consequence  of  the  euperior  brilliancy  of  the 
•ky  and  cleamesa  of  atmosphere  to  that  to  which  he  was  accustomed 
at  Liverpool,  >f  r.  Lfuisell  was  enabled  to  make  a  considerable  series 
of  measures  of  positions  and  dtstoncea  of  tlie  two  principal  aatelUtea^ 
Titania  and  Oberon,  as  well  as  of  the  two  recently  disco vered  inner 
satellites,  Ariel  and  Umbriel  These  names  have  been  suggested 
by  Mr,  Lasaell  as  an  appropriate  nomenclature  for  the  four  satellitet 
whose  identities  have  been  eatabliahed. 

In  addition  to  the  periods  and  distances  given  above,  which 
those  determined  by  Sir  W.  Herscbel,  we  insert  also,  in 
following  table  the  periods  and  distances  of  the  four  satellites,  of 
the  existence  of  which  there  is  no  doubt 
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The  Biimljer  of  aatellitea  attendiDg  upon  Uranue  must^  thereforo^ 
be  Bsaumed  to  amount  to  fourj.  until  by  further  improvenieiitfl  in 
the  construction  of  teleacopes,  giring'  an  increased  penetrating 
power,  observers  may  be  enabled  to  detect  others,  or  to  confirm 
the  exiatencB  of  eorae  of  thoae  which  have  hitherto  been  Buppoeed 
to  form  a  portion  of  the  Uranian  sjatem. 

471.  JLaomalouA  Inollnatloii  af  tli«lr  orlilts. — Contrary  to 
the  law  which  prevails  without  any  other  exception  in  the  motiona 
of  the  bodies  of  the  aolar  ayatem^  the  orbits  of  the  satellites  of 
Uranus  are  inclined  to  the  piano  of  the  orbit  of  the  planet,  and 
therefore  to  that  of  the  ecliptic^  at  an  angle  of  78°  58',  being  little 
less  than  a  right  angle,  and  their  motions  in  these  orbits  are  retro- 
grade, that  is  to  eay,  their  longitudes  as  seen  from  Umuus  continu- 
ally decrease. 

When  the  earth  has  such  a  position  that  the  Tisual  direction  ii 
at  ri^ht  angles  to  the  line  of  noiles,  the  angle  under  the  plane  of 
the  orbit  and  the  visual  line  will  be  78'  58' ;  and  in  certain  posi- 
tions of  the  planet  they  will  be  seen,  as  it  were,  m  plan,  Being 
nearly  circular,  the  satellites  will  in  such  a  position  be  visible 
revolving  rounft  the  primary  throughout  their  entire  orbits,  the 
projections  not  seoBibly  differing  from  circles. 

4.72.  Apparent  motion  «uia  p&ftaea  aa  aeen  fk^m  Vrmoiu. — 
The  diuraal  rotatittn  and  th«  direction  of  the  axis  of  the  planet 
being  unascertained,  the  inclination  of  the  orbits  to  the  planet^a 
e<iuator  is  consequently  unknown.  It  appears,  however,  that  all 
the  orbits  haYe  the  same  line  of  nodes,  and  are  in  a  common  planA 
or  nearly  so.  Twice  in  each  revolution  of  the  planet  this  plane 
passes  through  the  sun,  when  the  satellites  exhibit  the  same  sue* 
cession  of  phases  to  the  planet  as  the  moon  presents  tn  the  earth, 
except  so  far  as  they  are  modified  by  the  effects  of  the  diurnal 
parallax,  which  axe  considerable,  especiallj  in  the  case  of  the 
nearer  satellites. 

Twice  in  each  revolution  of  the  planet,  at  epochs  exactly  inter- 
mediate between  the  former,  the  line  of  nodes  being  at  right  angles 
to  the  line  joiiaing  the  sun  and  planet,  the  plane  of  the  satellitea' 
orbits  is  nearly  perpendicular  to  the  same  line.  In  this  case  the 
aatellites  diu-ing  their  entire  revolution  suffer  no  other  change  of 
phase  thMi  what  may  he  produced  by  the  diurnal  parallax,  and 
appear  continually  with  tlie  aame  phases  as  that  which  the  moon 
presents  at  the  quarters. 

In  the  intermediate  position  of  the  planet  a  complicated  variety 
of  phaeeo  will  be  presented,  which  may  be  traced  and  analysed 
by  giving  due  attention  to  the  change  of  direction  of  the  line  of 
nodes  of  the  aat'ellites'  orbits  to  the  Mne  joining  the  planet  Witk 
tbetUA. 
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475.  KoM  and  dea»lty  of  ITimniia.  — Siimo  imcertainty  fltiU 
attends  tho  deteniiin&tion  of  the  oknienta  of  these  more  distant 
iind  receBtly  discovered  planets.  The  niaa*  and  density  of  Uranua 
ore  only  provisionaUj  determiDed.  The  mass  k  aBsamed  to  be  the 
24,900th  part  of  that  of  the  aim,  and  the  density  the  sixth  of  that 
of  tho  earth.     Some  ohserrers  make  the  mass  considerably  greater* 

TV,  Nkptunb, 

474.  BUoovery  of  IT  ep time* — The  discovery  of  this  planet 
constitutes  one  of  the  most  sifmal  triumpha  of  mathematichl  science, 
and  marks  an  era  whieh  muiit  bo  for  ever  memoraMe  in  the  history 
of  physical  investi^tion. 

If  tho  planets  were  subject  only  to  the  attraction  of  the  sun,  they 
would  revolve  in  exact  ellipses,  of  which  the  sun  -would  be  the 
common  focus ;  hut  being  also  subject  to  the  attraction  of  ^ach  other, 
which,  though  ineompaiubly  more  feeble  than  that  of  th«  presiding 
central  inosa,  produces  sensible  and  measumhle  eHecte^  consequent 
deviations  from  these  elliptic  paths,  called  FERTricBAnoNS,  take 
place.  The  masses  and  relative  motions  of  the  planets  bt»ing  known, 
these  diatmrbances  can  be  ascertained  with  such  accuracy  that  the 
porition  of  any  known  planet  at  any  epoch,  post  or  future,  can  be 
determined  with  the  nuist  surprisinfr  decree  of  precision. 

If,  therefore,  it  should  bo  found  that  the  motion  which  a  planet 
iaobaerved  to  have,  is  not  in  acct^rdauce  with  that  whic-h  it  ought  to 
have,  subject  to  the  central  attraction  of  the  sun,  and  the  disturbing 
actions  of  the  surrounding  planets,  it  must  he  inferred  that  somo 
other  disturbing'  attiuction  acts  upon  it,  proceeding  from  an  un* 
discovered  cause,  and,  in  this  case,  a  problem  novel  in  its  form  and 
data,  and  beset  with  dilHculties  which  migrht  weU  appear 
insuperable,  is  presented  to  the  physical  astronomer.  If  the 
solution  of  tho  problem,  to  determine  the  disturbances  produced 
upon  the  orbit  of  a  planet  by  another  planet,  whose  mass  and 
motions  are  known,  be  regarded  as  a  stupendous  achievement  in 
physical  and  matheraAti<^  Pcience,  how  umcb  more  formidable 
must  not  the  converse  f|ueation  be  regarded,  in  which  the 
diaturhanees  are  g;iven  to  find  the  planet  f 

Such  was,  nevertheless,  the  problem  of  which  the  discovery  of 
Neptune  haa  been  the  astonishing  mlution. 

Although  no  expoaitioo  of  the  wtuol  process  by  which  tbis 
great  inteliectuid  achievement  has  been  effected  could  be  compre- 
hended without  the  possession  of  an  amount  of  mathematical 
knowledge  far  exceeding  that  which  is  expected  from  the  readers  of 
Hreatiaesmuch  less  elementary  tbtm  the  present  volume,  we  may  not 
bo  tkltogethei  unsuccesaful  in  attempting  to  illustrate  the  principle 
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on  which  &a  mvestigation,  attended  with  so  BtirpriBing  aresti]t|  hofl 
been  baaed,  and  even  the  method  upon  which  it  has  been  conducted, 
so  aa  to  strip  the  proceeding  of  miijch  of  thttt  incomprfhenaiblo 
chftracter  which,  in  thu  view  of  the  great  mass  of  those  who 
consider  it  without  being  able  to  follow  the  steps  of  the  uctual 
iaveatigatioD,  is  generally  attached  to  it,  and  to  show  at  Icasit  the 
spirit  of  the  reaaoning  hy  which  the  solution  of  the  problem  has 
bt^en  accomplished. 

For  this  purpose,  it  will  be  necessary, ^raf,  to  explain  the  natune 
and  trharactor  of  those  disturbances  which  were  obsened,  and  which 
could  not  be  ascriWd  to  the  attraction  of  any  of  the  known  planets ; 
and,  secondff/,  to  show  in  what  manner  an  undiscoTered  planet 
I'evolvixig  outside  the  known  limitfl  of  the  solar  system  conld 
produce  such  effects. 

475.  fFuezplaloed  diAtarbaiaeet  <»b«Herved  Id  tlie  motloii«  of 
iTramw,— :The  planet  Uranua,  revolving  at  the  extreme  limits  of 
th«  &olar  ayateui,  was  the  object  in  which  were  observed  those  dis- 
turbances which,  not  bemg  the  effet^ts  of  the  action  of  any  of  the 
known  planets,  raised  the  question  of  the  possible  existence  of 
another  planet  exterior  to  it,  which  might  produce  them. 

After  the  discovery  of  the  planet  by  Sir  W.  llerschel,  in  1781, 
its  motions,  heing  regularly  obscn'ed,  supplied  the  data  by  which 
its  elliptic  orbit  was  calculated,  and  the  diaturbauces  produced  upon 
it  by  the  masses  of  Jupiter  and  8atum  ascertained,  the  other  planets 
of  the  system,  by  reason  of  their  remoteness,  and  the  comparative 
minuteness  of  their  masses,  not  producing  any  sensihle  ©ffecta. 
Tables  founded  on  tliea©  results  were  computed,  and  ephemerides 
constructed,  in  which  the  places  at  which  the  planet  ought  to  he 
foiaid  from  day  to  day  for  the  future,  were  duly  registered. 

The  same  kind  of  calrulntioas  which  enable  the  astronomer  thus 
to  predict  the  future  places  of  the  planet,  would,  as  is  evident, 
equally  enable  him  to  ascertain  the  places  which  had  been 
occupied  by  the  planet  m  times  past.  By  thus  exaniinmg,  re- 
trospectively, the  apparent  course  of  the  planet  over  the  tirmament', 
and  comparing  its  computed  places  at  particular  epochs  with  those 
cf  stsjrs  which  had  been  observed,  and  which  had  subsequently 
disappeared,  it  was  ascertained  that  several  of  these  stare  had  in  fact 
been  Uranus  itself,  whose  plttnetiu*y  character  had  not  been 
recognised  from  its  appearance,  owing  to  the  imperfection  of  the 
telescopes  then  in  use,  nor  from  its  apparent  motion,  owing  to  the 
observations  not  having  been  sufficiently  continuous  and  multiplied. 

In  this  way  it  was  ascertained  that  Uranus  had  been  observed, 
and  itij  position  recorded  aa  a  fixed  star,  six  times  by  Flamsteed ; 
vii.;  once  in  1690,  once  in  1 7 1 2j  and  four  times  in  171 5  j — once 
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by  Bradley  in  1753,  once  by  Mayer  in  1 756,  and  twelve  times  by 
Lemonnier  between  1 750  and  1771. 

Now,  although  the  observed  positiona  of  tbeoe  objects,  combined 
with  their  eubsequpot  diaftppearanoe,  left  no  doubt  whatever  of 
their  identity  with  the  planet,  their  observed  places  deviated 
eenaibly  from  the  places  which  tlie  planet  ought  to  have  had 
according  to  the  coDiputations  founded  upon  ita  motions  aller  it» 
discovery  in  178 1.  If  these  deviations  could  have  been  shown  to 
be  irre^ar  and  governed  by  no  law,  they  would  be  ascribed  to 
etTora  of  obsen^ation.  If,  on  the  other  hand,  they  were  found  to 
follow  a  rejLTular  course  of  increase  and  decrease  in  detenninate 
directiona,  they  would  be  ascribed  to  the  agency  of  some  un* 
discovered  disturbing'  cause,  whoso  action  at  the  epocbs  of  CliA 
ancient  observatiuna  waa  diifei-ent  from  ita  a^'tion  at  more  receat 
periods. 

The  ancient  obaervations  were,  however,  too  limited  in  Dumber 
and  too  di^'outinuous  to  demonstrate  in  a  satiafactoiy  manner  the 
irregularity  or  the  reg-ularity  of  the  de^^-iation.  Nevertheleaa,  tke 
circumBtimce  raised  much  doubt  and  mii*giving  in  the  mlud  of 
Bouvard,  by  whom  the  tables  of  Uranus  were  constructed ;  and 
considering-  that  these  tables,  in  which  every  correction  for  pertur- 
bation indicated  by  the  best  existing  theories  was  applied,  were 
based  upon  the  modem  observations^  it  was  anticipated  that  tbe 
agreement  between  the  observed  and  tabuhLr  places  of  the  planet 
would  continue  for  a  considerable  perii>d  of  time,  When^  on 
examination,  it  was  found  impossible  to  roconcQe  the  ancient 
obsen  ations  of  Flamsteed,  Lemonnier,  &c.  with  the  orbit  required 
to  satisfy  the  obaervationfl  made  after  the  discovery  of  the  planet 
in  1781,  th«  difficulties  attending  the  explanatiou  of  these  irregu- 
lanties  were  so  great,  that  M.  Bouvard  stated  that  he  would  leave 
to  futurity  the  decision  of  the  question  whether  these  deviatiotis 
were  due  to  errors  of  observation,  or  to  an  undiscovered  disturbing- 
agient  We  shall  presently  be  enabled  to  appreciate  the  sagacity 
of  this  reaerve. 

The  motions  of  the  planet  continued  to  be  assidnoualy  obaarT^di 
and  were  found  to  be  in  accordance  with  the  tables  for  about  fou^ 
teen  years  from  the  date  of  the  discovery  of  the  planet  About  the 
year  1795,  a  slight  disconlance  between  the  tabular  and  observed 
places  began  to  be  manifested,  the  latter  being  a  little  in  advance 
of  the  former»  so  that  the  observed  longitude  L  of  the  planet  waa 
greater  than  the  tabular  longitude  l'.  After  this,  from  year  to 
year,  the  advance  of  the  observed  upon  the  tabular  place  increased, 
80  that  the  excesa  L— l'  of  the  observed  above  the  tabular  longitude 
was  continually  augmented.  The  increftse  of  L — L' oontinu^id  iintE 
1 82  2,  when  it  became  stationary,  and  afterwards  began  to  decrease. 
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Tliiw  decrease  continued  until  about  1830-31,  when  the  deviation 
h — L'  digivppeared,  and  the  tabular  and  observed  longitudes  agmin 
agreed.  This  accordancet  Loweverj  did  not  long"  prevail.  The 
planet  soon  began  to  fall  behind  ita  tabular  place,  bo  that  ita 
observed  long^itude  l,  which  before  1851  was  greater  than  the 
tabular  longitude  h%  whb  now  less ;  aad  the  distance  l'^'L  of  the 
ohsorved  behind  the  tabular  place  tocniBfled  from  year  to  year,  and 
still  increasesi  amounting  in  Norember,  1 8  ^S,  to  5'  38''  of  ioogi* 
tude. 

It  appears,  therefore,  that  in  the  deviations  of  the  planet  from 
its  computed  plci^e,  there  waa  nothing  irregular  and  nothing  com- 
patible with  the  supposition  of  any  cause  depending  on  the  acci- 
dental errors  of  obsenration.  The  deviation,  on  the  contrary, 
increased  gradually  in  a  certain  direction  to  a  certain  point ;  and 
having  attained  a  maximtira^  then  began  to  decrease,  which  decrease 
still  continues. 

The  phenomena  must,  therefore,  be  ascribed  to  the  regular 
agency  of  some  undiscovered  disturbing  cause. 

476.  A  planet  erterlctr  to  V^mntu  iroold  prodvee  a  Wkm 
effect. — It  is  not  difficult  to  demonstrate  that  deviations  from  ita 
computed  place,  such  as  those  described  above,  would  be  produced 
hv  a  planet  revolving  in  an  orbit  having  the  same  or  nearly  the 
same  plane  as  that  of  Umnus,  which  would  be  in  heliocentric  con- 
junction with  that  planet  at  the  epoch  at  which  ita  advance  beyond 
its  computed  place  attained  its  maximum. 

Let  A  B  c  n  E  F,  j^ff.  76,  represent  the  arc  of  the  orbit  of  Uranui 
described  by  the  planet  during  the  manifestation  of  the  perturba- 
tions. Let  N  n'  represent  the  orbit  of  the  supposed  undiscovered 
planet  in  the  same  ]>lane  with  the  orbit  of  Uranus.  Let  a,  ft,  c,  rf, 
f,  and /he  the  positions  of  the  latter  when  Umnus  is  at  the  points 
A,  B,  0,  D,  E,  snd  P.  It  is,  therefore,  supposed  that  Uranus  when  at 
D  is  in  heliocentric  conjunctioi^  with  the  supposed  planet,  the 
latter  being  then  at  d. 

The  directions  of  the  orbital  motions  of  the  two  planets  are 
indicated  by  the  arrows  beside  their  paths ;  and  the  directions  of 
the  disturbing  forces  •  exercised  by  the  supposed  planet  on  Uranus 
are  indicated  by  the  arrowa  beside  the  lines  joining  that  planet 
with  Uranus, 

Now,  it  will  be  quite  evident  that  the  attraction  exerted  by  the 
supposed  planet  at  a  on  Uranus  at  a  tends  to  accelerate  the  latter. 
In  like  manner,  the  forces  exerted  hy  the  supposed  planet  at  b  and 
c  upon  Uranus  at  B  and  0  tend  to  accelerate  it    But  as  Uranus 


*  To  limpliiy  th«  ezplaTiatlon,  the  effect  of  ttie  attraction  of  Unnus  im  th« 
•uD  is  omitted  in  this  illustration. 
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Appronclies  to  i>  the  direi'tion  of  the  diBturbing*  force^  being  i«»m 
and  Ibm  inclin<*d  to  that  of  the  orbiul  motion,  has  a  less  and  }em 

fueoeleratLiig'  influeocej  and  on 
being'  in  the  direction  D  cf  at 
ri^'ht  hugleato  the  orbit/d  mo- 
lion,  hU  accelerating  influence 

Ct:iLSCS. 

After  pa^dn^  n  the  di»- 
turbinir  force  h  inclined  offomd 
the  niotioD,  and  instead  ofuC' 
relratinfJT  retard*  it;  and  as 
rmniia  tftkea  successively  the 
'  rHitioas  E,  r,  &c  it  is  mom 
Aiid  more  inclined,  and  ita 
rt^-tarding  influence  more  and 
more  increBaed,  as  will  be  eri- 
dent  if  the  directiona  of  tlia 
retarding*  fotice  and  tbe  orbital 
motion,  n»  indicated  by  the  arrowa,  be  observed. 

It  is  then  apparent  that  from  a  tn  p  the  disturbing'  force  accele* 
ratinj^  the  orbited  motion,  will  transfer  Umnus  to  a  poaition  in 
advance  of  that  whirh  it  would  otherwise  have  occupied ;  and  after 
paasing  d,  the  diaturbinu  force  ret«rdinj^'  the  planet**  motion  will 
continually  reduce  this  adranc^,  until  it  bring*  back  the  planet  to 
the  place  it  would  haTe  occupied  had  no  disturbing  foR-e  acted; 
after  which,  the  retardnlbn  being  still  continued^  the  planet  will 
fall  behind  tiie  place  it  would  have  had  if  no  diaturbing  force  bad 
acted  upon  it 

Now  it  is  evident  that  these  are  precisely  the  kiftd  of  disturbing 
forces  which  act  upon  Umnus ;  and  it  may,  therefore,  be  inferred 
that  the  deviations  of  that  planet  from  its  computed  place  are  the 
phyaical  indicatioDB  of  the  presence  of  a  planet  exterior  to  it,  moving 
in  an  orbit  whose  plane  either  coincidts  with  that  of  its  own  orbit^ 
or  is  inclined  to  it  at  a  very  small  angle^  niid  whose  mass  and 
distanct)  are  such  as  to  give  to  its  attraction  the  degree  of  intensity 
necessary  to  produce  the  alternate  acceleration  and  retardation  which 
have  been  observed. 

Since,  however,  the  intensity  of  the  disturbing  force  depends 
conjointly  on  the  quantity'  of  the  diaturbinp  mms  and  its  distance, 
it  &  easy  to  perceive  that  the  same  disturbance  may  oriae  from 
diflbrent  masses,  provided  that  their  distances  are  so  %*aried  as  to 
compensate  for  their  different  weifrhts  <w  quantities  of  matter.  A 
double  mass  at  a  fourfold  distance  will  exert  precist'ly  the  sttme 
sttnction.  The  fin<.dtion,  therefore,  under  this  point  of  view, 
bdongs  to  the  clit.'^ei  of  intermediate  prohlems,  and  admits  of  tm 
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infinite  number  of  mictions.  In  other  ^ordB^  an  unlimited  Tariety 
of  different  planeta  may  be  assigned  exterior  to  the  syetem,  which 
would  CAti^e  disturhances  obaenTd  in  the  motion  of  Unmua,  ao 
neaily  similnr  to  those  observed  as  to  be  diatiug'uiehable  from  them 
only  by  ohsor  vat  ions  more  extended  and  eiaWrate,  than  any  to 
which  that  planet  could  possibly  hare  been  submitted  ainceits  dia- 
covery. 

477,  ]Leii«afebea  of  Keasn.  Xe  Venrler  ftad  Adojua.— Tho 
idea  of  taking  these  departures  of  the  obsterved  from  the  computed 
place  of  Urauua  aa  the  data  for  the  solution  of  the  problem  to 
ascertain  the  position  and  motion  of  the  planet  which  could  cause 
such  deviations,  occurred,  nearlj  at  the  same  time,  to  two  astrono- 
mers, neither  of  whom  at  that  time  had  attained  either  the  age  or 
the  scientific  standing  which  would  have  raised  the  expectations 
of  achieving  the  most  aatoninhing  di.»covery  of  modem  times. 

M.  Le  Verrier,  in  Paria,  and  Mr.  J.  C.  Adams,  of  Cambrid^, 
engaged  in  the  investigation,  each  without  the  knowledge  of  what 
the  other  was  doing,  and  believing  that  he  stood  alone  in  his  ad- 
Venturous  and,  aa  would  then  have  appeared,  hopeless  attempt. 
Nevertheless,  both  not  only  solved  the  problem,  but  did  so  with  a 
oompleteness  that  tilled  the  world  with  astonishment  and  admira- 
tion, in  which  none  more  ardently  shared  than  those  who,  from  their 
own  attainments,  were  best  qualified  to  appreciate  the  difficulties 
of  the  q^uestion. 

Tho  question,  aa  has  been  observed ^  belonged  to  the  class  of 
intemiediate  problems.  An  infinite  number  of  different  planets 
might  be  assigned  which  woidd  be  equally  capable  of  producing  the 
observed  disturbances.  The  solution,  therefore,  might  be  theoreti- 
cally correct,  but  practically  uusucce^aful.  To  strip  the  question  aa 
far  aa  poftsible  of  this  character,  certain  conditions  were  assumed,  the 
existence  of  which  might  be  regarded  as  in  the  highest  degree  pro- 
bable. Thus,  it  was  assumed  that  the  disturbing  planet's  orbit  was 
in  or  nearly  in  the  plane  of  that  of  Uranus,  and  therefore  in  that  of 
the  ecliptic ;  that  its  motion  in  this  orbit  was  in  the  same  direction 
as  that  of  all  the  other  planets  of  the  system,  that  is,  according  to 
the  order  of  the  signs ;  that  the  orbit  was  an  ellipse  of  veiy  small 
excentricity ;  and  iin^y  that  its  mean  distance  from  the  sun  was, 
in  accordance  with  the  general  progression  of  distances  noticed  by 
Bode,  nearly  double  the  mean  distance  of  Uranus.  This  last  con- 
dition, combined  with  the  harmonic  law,  gave  the  inquirer  the  ad- 
vantage of  the  knowledge  of  the  period,  and  tlierefore  of  the  mean 
heliocentric  motion. 

Aaaummg  ail  these  conditions  as  provisional  data,  the  problem 
was  reduced  to  tlie  detennioatioUj  at  least  as  a  first  appmximation, 
of  the  mase  of  the  planet  and  ita  place  in  its  orbit  at  a  given 
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epoch,  Buch  m  would  be  capubla  of  produciog  the  obeeired  alter* 
D&te  acceleration  and  retardation  of  Umnu^. 

The  detennijuition  of  the  kfjliocentric  place  of  the  planet  at  a 
givBQ  epoch  would  have  been  materially  facilitat*^<l  iJf  the  exact 
lime  at  which  the  amount  of  the  advance  (l  —  L'j  of  the  observed 
upon  the  tabular  place  of  the  planet  had  attained  its  maximum 
were  known ;  but  this,  unfortnnately,  did  not  admit  of  being-  as- 
certained with  the  noceasary  precision.  'When  a  Tarying  quantity 
attains  its  maximum  state,  aod^  after  increasiDg,  begins  to  diminish, 
it  is  stationary  for  a  ehort  interyal ;  and  it  is  always  a  matter  of 
difficulty,  and  often  of  much  uncertain ty,  to  determine  the  exact 
moment  at  which  the  increaae  ceases  anil  the  decrease  commences* 
.Vltbough,  therefon^,  tbe  heliocentric  phice  of  the  dititiirbing  planet 
could  be  nearly  assigned  about  1 822,  it  could  not  be  determined 
vritb  the  desired  |irecision. 

Asauminp,  however,  as  nearly  aa  was  practicable,  the  lonptude 
of  Uranus  at  the  moment  of  heliocentric  conjunction  with  the  dia- 
tiirbing  planet,  this*,  combined  with  the  mean  motion  of  the  sought 
planet,  inferred  from  its  period,  would  give  a  rough  approsdmation 
to  its  place  for  any  ffiven  time. 

478.  Slemeuta  of  tike  aouslit  planet  aaalgved  by  Uieae 
creemeterS'  —  Itou^h  approximations  were  not,  however,  what 
MM.  I^  Verrier  and  Adams  sought.  They  aimed  at  more  exact 
results;  and,  after  investigations  involving  all  the  reeomx^ee, 
and  exhausting  ail  the  vast  powers  of  analysis,  these  eminent 
geometers  arrived  independently  at  the  following  elements  of  the 
imdiacovered  planet :  — 
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479.  xta  aetual  iUs«ovei7  ^W  39r*  &aAie  of  Berlin.  —  On 

the  23  rd  of  September,  1 846,  Dr.  Oalle,  one  of  the  astronomera 
of  the  Royal  Observatory  at  Berlin,  received  a  letter  frr>m  M.  Le 
Verrier,  announcing  to  him  the  principal  lesulta  of  his  calculations, 
inibrming  him  that  the  longitude  of  the  sought  planet  moat  then 
be  326°,  and  requesting  him  to  look  for  it.  l>r,  Galle,  assisted  by 
Professor  Enclce,  accordingly  did  "  look  for  it/'  and  fouud  it  that 
Tery  night.  It  appeared  as  a  star  of  tbe  8th  magnitude,  having 
the  longitude  of  526°  52',  and  consequently  only  52'  from  the 
phkce  assigned  by  M.  Le  Verrier.    The  calculations  of  Mr.  Adatna, 
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reduced  to  the  same  date,  gnye  for  its  Rppnrent  place  3  29**  1 9',  being- 
Z'^  i 7'  from  the  place  where  it  was  actmilly  f(mnd, 

480.  Its  predicted  and  observed  pl&ce«  In  near  proximity* 

—  To  illustrate  the  relative  proximity  of  these  i^markitble  predic- 
tions to  the  actual  ohaerred  place,,  let  the  arc  of 
the  ecliptic,  from  lon^.  323^  to  long.  330**,  be  Te- 
presented  10^%-  77*  The  place  aasigned  bj  it. 
L©  Verrier  fbr  the  sought  planet  is  indicAled  by 
the  sm&ll  circle  at  L,  that  asaigned  by  Mr.  Adiims 
by  the  small  circle  at  a,  and  the  place  at  which 
it  was  actually  found  by  the  dot  at  K,  The 
distances  of  l  and  a  from  N  may  be  appreciated  by 
the  circle  which  is  described  around  the  dot  if,  and 
which  repreaenta  the  apparent  disk  of  the  nioira. 

The  distance  of  the  ohaerved  place  of  the  planet 
from  the  place  predicted  by  M.  Le  Vemer  wm 
less  than  two  diameters,  and  from  that  predicted 
by  Mr.  Adams  less  than  five  diameters,  of  the 
luuar  disk. 

481.  Coireeted  element*  of  ttie  planet's 
©rM%.^Iii  obtaining  the  elements  given  above, 
Mr,  Adams  hmed  hie  c^lcukitions  on  the  obsena- 
tiona  of  Uranns  made  up  to  1840,  while  the 
C4il<^iilfttion8  of  M,  Le  Verrier  were  founded  on 
obaervations  continued  to  1845-i  On  eubet?- 
quently  taking  into  computRtion  the  five  years 
ending-  1845,  Mr.  Adams  concluded  that  the 
mean  distance  of  the  sought  plaoet  would  be  more 
exactly  taken  at  33*33. 

After  the  planet  had  been  actually  discovered,  and  observations 
of  sufficient  continuance  were  mode  upon  it,  the  following  waa 
found  to  be  its  more  exact  elements,  having  been  computed  by  M. 
Kowalski,  of  Kazan.  These  elements  appear  to  represent  the  orbit 
of  Neptune  sufficiently  well  up  to  the  present  time ;  ^ 
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482.  PUor«|ianol«i  between  tbe  aotaiLl  waA  pr«dii 
element!  explained.  —  Now  it  will  not  fail  to  strike  ever/ 
who  derotea  tlie  Itaat  atleution  to  tHia  interesting  q^ueation, 
conaid<?riible  diacrepsneiea  exist,  mft  onlj  between  the  elfiH 
iireaeuted  in  the  two  proposed  solutions  of  this  problem, 
oetweeu  the  actufd  clementa  of  the  discovered  planet  and  boi 
these  solutions*  There  were  not  wftnting  aorae  who,  viewing 
discordfinces,  did  not  heaitfttu  to  docliiTe  that  the  discovery  1 
planet  waa  the  result  of  chance,  and  not,  oa  waa  claimed,  of 
uiatic&l  reafionijig,  since,  in  fact,  the  planet  discovered  w 
identioaJ  with  iiither  of  the  two  planets  predicted. 

To  draw  such  a  connlusion  from  such  premisea,  however,  t 
a  totid  OTiMpprtUenaion  of  the  naturu  and  conditions  of  the  proi 
If  the  problem  had  been  determinftte,  and,  cronBequently,  one 
admita  of  hut  one  solution,  then  it  raiifit  have  been  inferred, 
that  some  error  had  been  committed  in  the  mlL-ulatlona 
caused  the  discordance  between  the  obseried  and  computed 
meats,  or  that  the  di&covered  planet  was  not  that  which  was  m 
and  which  was  the  physical  cause  of  the  obeerved  disturbaii! 
UranuRi.  But  the  problem,  as  has  been  already  explained^ 
more  or  less  indeterminiAte,  admiU  of  more  than  one,  — nay, 
indefinite  number  of  different  solutions,  m  that  many  difl 
phiuets  niijtrht  bin  assifjrntHl  which  would  oqually  produce  the  dial 
ancea  which  had  been  obeen-ed ;  and  this  being  so,  the  disconl 
between  the  two  set*  of  predicted  elements,  and  between  bd 
them  and  the  ftctual  elemeirtfl,  are  nothing  more  than  might '. 
been  anticipated,  uod  which,  except  by  a  chance  against  whicl 
probabilities  wert*  niiDiona  to  one,  were,  in  fact,  ine'i-itablcs. 

So  far  as  depended  on  reasoning,  the  prediction  was  verifie* 
far  as  depended  on  chance,  it  failed.  Two  planets  were  assi| 
bolh  of  which  lay  within  the  linnts  which  fulfilled  the  cond! 
of  [he  problem.  Both,  however,  dilTered  from  the  tnie  plaa) 
particulars  which  did  not  niFect  the  conditiona  of  the  prol 
All  three  were  circumscribed  within  those  limits,  and  subjei 
atich  conditions  aa  would  make  them  produce  those  deviation 
disturbances  which  were  observed  in  the  motions  of  Uranu^j^ 
which  formed  the  immediate  subject  of  the  problem* 

48 5t  CoiziparU«n  of  tlie  effeota  of  tbe  real  omd  predli 
plajieta.  ^  It  may  be  satisfactory  to  render  this  still  more  q 
by  exhibiting  in  immediate  juxtaposition  the  motions  of 
hypothetical  planets  of  MSI.  I^e  Verrier  and  Adams  and  the  p| 
actually  discovered,  so  aa  to  make  it  apparent  that  any  one  of 
three  under  the  supposed  conditions,  would  produce  the  obaa 
distujbancea.  We  have  accordingly  attempted  this  in^;£^, 
where  the  orbits  of  Uranus,  of  Neptune,  and  of  the  planets 
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kj  MM.  he  Vemer  and  Adams  arc  laiti  down,  with  the  positioofi 
of  the  planets  respectively  in  thpiii  for  every  fifth  year,  from  [  800 


to  1845  inclusively.  This  plan  is,  of  course,  only  mughly  made  ; 
but  it  is  sufficiently  exact  for  the  purposes  of  the  preeent  illustration. 
The  places  of  Uranus  are  marked  by  Qi  those  of  Neptune  by  0^ 
those  of  M.  Le  Venier'a  planet  by  0,  and  those  of  Mr.  Adamses 
planet  by  0. 

It  wilt  be  ob«erred  that  the  distances  of  the  two  planets  assigned 
by  MM.  Le  Vemer  and  Adams^  rs  laid  down  In  the  diagram, 
differ  less  from  the  distance  of  the  planet  Neptune  than  the  mean 
distances  given  in  their  elements  differ  from  the  mean  distance  of 
Neptune*  This  is  explained  by  the  exceatricities  of  the  orbit, 
which,  in  the  elements  of  both  astronomeTsif  are  considerable,  being' 
nearly  an  eighth  10  one  and  a  ninth  in  the  othefi  and  by  the  posi- 
tions of  the  supposed  planets  in  their  respective  orbits. 

If  the  masses  of  the  three  planets  were  equal,  it  ts  clear  that 
the  attraction  with  which  Le  Verrier*s  planet  would  act  upon 
Clronus*  would  he  less  than  that  of  the  true  planet,  and  that  of 
Adams's  planet  still  more  so^  each  being  less  in  the  same  ratio  as 
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the  Bqiure  of  ito  dktooce  twm  Uranuft  is  gri^ater  than  that  of 
Neptune.  But  if  the  planets  are  so  adjusted  that  what  is  lost  by 
diatance  is  gained  by  the  greater  maflses,  this  will  be  equialiflttd,  and 
the  suppoBed  planet  will  exert  the  name  disttirbinf^  force  aa  the 
actual  planet j  so  far  as  relates  to  the  efiecU  of  Tariadonof  distance. 
It  is  true  that,  throughout  the  area  of  the  orbits  over  which  the 
obaervations  extend^  the  diEtancea  of  the  three  planeta  in  Bimulta- 
Deoua  positiona  are  not  everj'where  in  exactly  the  e&me  ratio,  while 
their  zDaBAee  must  necessiaiily  be  bo  ;  and,  therefore,  the  relative 
maeflea^  which  would  produce  perfect  compensation  ia  one  position, 
would  not  do  eo  in  others.  This  cause  of  discrepwicy  would  operate, 
however,  under  the  actual  conditions  of  the  problem,  in  a  degree 
altogether  inconsiderable,  if  not  insensible. 

But  another  cause  of  difTepence  in  the  disturbing  action  of  the 
real  and  supposed  planets  would  arise  Jrom  the  fact  that  the  direC" 
tions  of  the  disturbing  forces  of  all  the  thre«  planets  are  different, 
aa  will  be  apparent  on  inspecting  the  tigure,  in  which  the  degree 
of  divergenc«  of  thes€i  forces  at  each  position  of  the  pltmeta  is  in- 
dicated ;  but  it  will  be  also  Rpparent  that  this  divergence  ie  so  Teij 
inconsiderable  that  its  e£fect  must  be  quite  insensible  in  all  poaitiotia 
in  which  Uranus  can  be  seriously  affected.  Hius,  from  1 800  to 
18151  the  divergence  ia  very  small.  It  increases  from  1815  to 
1855  ;  but  it  is  precisely  here,  near  the  epoch  of  heliocentric  con- 
junction, which  took  place  in  1 822,  that  all  the  three  planets  ceaae 
to  have  any  direct  effect  in  accelerating  the  motion  of  Uranua. 
When  the  latter  planet  pasetea  this  point  sufficiently  to  be  sensibly 
retarded  by  the  disturbiDg  action,  as  is  the  case  after  1835,  ^^ 
divergence  again  becomes  inconsiderablei. 

From  theae  considerations  it  will  therefore  be  understood,  that 
the  disturbaiaces  of  the  motion  of  Uranus,  so  far  as  these  were 
aacertaioed  by  observation,  woidd  be  produced  without  sensible 
difieretice,  either  by  the  actual  planet  which  has  been  discovex^d^ 
or  by  either  of  the  planets  assigned  by  JIM.  Le  Verrier  and 
Adams,  or  even  by  an  indefinite  number  of  others  which  might 
be  assigned,  either  withtu  the  path  of  Neptune,  or  between  it  and 
that  of  Adamses  planet,  or,  in  fine,  beyond  this  —  within  certain 
assignable  limits, 

484.  Wo  part  of  th0  wa^Ht  of  t&la  dlae«y«f7  mscrlt»m»l« 
to  otiaBce. — ^That  the  planets  assigned  by  MM.  I^e  Verrier  and 
Adama  are  not  identical  with  the  planet  to  the  diacoveiy  of  which 
their  researches  have  conducted  practical  observers  is^  therefore, 
true  f  but  it  is  also  true  that,  if  they  or  either  of  them  had  heeo, 
identical  with  it,  such  excessive  amount  of  agreement  would  have 
been  purely  accidental,  and  not  at  all  the  result  of  the  sagacity  of 
the  matheinatickB.    All  that  human  sagacity  could  do  with  the 
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dnta  presented  by  observation  wm  done.  Among 
ho  indetiiiil*  number  of  pomble  planeta  capAble 
of  prothictng  the  disturbmg^  action,  two  were  as- 
wgned,  botia  of  wbich  were,  for  all  the  parpo8e« 
of  the  inquirVi  ao  nearly  comcident  with  the 
real  planet  m  inevitably  and  immediately  to  lead 
to  ita  discovery. 

4.85.  Fertodi  —  After  a  complete  reTolution 
of  the  earth,  Neptime  ia  found  tu  advance  in  ita 
tuurae  no  more  than  i'*' 1 87,  and  conae([Uieiitly  it*i 
period  is  164-591  years. 

4S6.  niatiuiev  from  tlM  ana.  —  The  moan 
distaooe  oi  Neptune   from  the  hud  is  50*0370, 
assuming  the  diatanue  of  the  eurtb  from  the  aun  * 
to  be  1 . 

487.  S'0]attT«  or  bit!  and  dlataacea  of 
Veptuae  and  tbe  eiu'tJi.  —  It  appeiiTj^  then  that 
the  ayatem  poaaesBea  another  member  still  more 
remote  from  the  common  centre  of  light,  heal, 
and  attraction.  In  Jig.  79  the  earth's  orbit  is  re- 
presented at  ke"'  ;  and  a  part  of  that  of  Neptune, 
on  the  same  t^cale,  is  represented  at  N,  The 
actual  distance  of  if  from  s  is  rather  more  then 
thirty  times  that  of  K  from  s.  The  mean  dis- 
umce  of  Neptune  from  the  sun  is,  therefore,  ab^jut 
2,746,000,000  miles. 

488.  Aipporent  and  rent  dlAnaiet«r*-^The 
apparent  diameter  of  the  plauet,  seen  when  in 
oppositiun,  is  about  2"  g.  Its  distrtnce  from  the 
earth  being,  then,  2654  millions  of  niilea,  and  the 
linear  value  of  1"  at  this  distance  being  12,867 
miles,  the  actual  diameter  of  the  planet  will  be 
37,3  14  miles. 

The  diameter  of  the  phnet  is,  therefore,  a 
little  greater  than  that  of  Uranus,  about  hjJf 
that  of  Saturn,  and  about  foor  and  a  half  times 
that  of  the  earth. 

According  to  Mr.  Hind,  the  apparent  diameter 
is  only  2"'6,  a  value  which,  he  says,  is  d(?dnced 
from  careful  moastiremente  made  with  Sf^me  of 
the  most  powerfiil  Euroj>i»an  teleaeopei*,  I'his 
value  woidd  mahe  the  diameter  of  Neptune  about 
the  isame  as  that  of  Uranus. 

489.  ftftUUltaof  V«pti>fie.— A  Bat<?llite  of 
this   planet  was  distovered   by  Mr,  Lassell  ia 
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Octi^W,  1846,  imd  wAa  afterwards  obaeired  by  otber  aitioiioiners 
bi>th  in  Europe  iwd  the  Uaited  States.  Tlie  flrat  obaervattotiA 
then  mudei  raiaed  mme  suspicions  aa  to  the  presence  of  another 
aatelUt*  as  well  as  of  ft  ring  annlogoiw  to  that  of  Saturn.  Not- 
withstanding' the  uiunerauB  observers,  and  the  powerful  instruments 
which  have  b^uu  directed  to  the  planet  since  the  date  of  thesH 
observations,  nothing:  haa  been  detected  wliich  h&a  had  any  ten- 
dency to  confirm  these  auapiciona. 

The  exietenoe  of  the  satellite  first  seen  by  Mr.  Laasell  has,  how- 
ever, not  only  been  fully  estttbliahed,  but  it*  motion,  and  thfl 
elements  of  its  orhit,  bfive  been  ascertained,  first  by  the  observa- 
tions of  M,  Otto  Striive  in  September  and  December,  1 847,  and 
later  and  more  fully  hy  thasse  of  lib  late  reladve  M.  Axigiiate  Stnive, 
iti  18+8-9, 

FrtMu  these  observations  it  appears  that  the  distance  of  the 
aatallite  frttm  the  planet  at  its  greatest  elongation  subtend*  an 
ftusile  of  1 8"  at  the  earth  ;  and  since  the  diameter  of  the  planet  sub- 
ttnds  an  angle  of  2"'8  at  tlie  Banie  distance,  it  followsi,  therefore, 
that  tlie  distance  of  the  siitellite  from  the  centre  of  the  planet  » 
equal  to  thirteen  semi-diameters  of  the  latter. 

The  mean  daily  angular  motion  of  the  satellite  round  the  centre 
of  the  plflinet  is,  according  to  the  observaticua  of  Mr.  Lagsell,  made? 
at  Malta,  61  ""0866,  ami  consequently  the  period  of  the  satellite  is 
5*8769  days,  or  5"*  21"  2 ""7,  a  result  which  is  subject  to  an  error 
not  exceeding  5  minutes. 

If  the  semi-iiiameter  of  Neptune  be  1 8,700  mile*,  the  acttml 
dist^mee  of  the  satellite  from  the  surface  of  the  planet  is  224^400 
miles,  being  a  little  less  than  the  distance  of  the  moon  from  the 
eartli's  centre. 

490.  Wtimam  ftnd  denAit^ri— This  discovery  of  a  sntellite 
supplied  the  nipans  of  determining  the  mass,  and  therefore 
density,  of  the  planet.  Professor  Pierce,  calculating  by  the  p 
ciples  already  e^cplained,  haa  found  that  the  mass  of  Neptune  is  the 
18,780th  part  of  the  mass  of  the  sun;  and  since  its  diameter  19 
about  the  23^rd»  and  it«  volume  the  1  3,000th,  part  of  that  of  the 
sun,  its  density  will  be  abt>ut  two-thirds  thai;  of  the  smif  and  about 
the  sixth  part  of  the  density  of  the  earth. 

Other  Hjitiraates  malje  the  mass  different.  According  to  Professor 
Bond  it  is  the  19400th,  and  according  to  Mr.  Hind,  from  a  discni- 
sinn  of  Mr.  Lassell's  obaervations  made  at  >taltA,  the  17,500th, 
while  M.  Stniv©  makes  it  the  14,446th  part  of  the  mass  of  the  sun. 

491.  JLppaj«ttf  tiiatBltiid«  of  die  son  «t  Wepitone.^ — Tht* 
apparent  diameter  of  the  Him,^  as  seen  from  Neptune,  being  30 
times  less  than  from  the  earth,  is  about  60" ;  the  sun,  therefore. 
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ftppeara  of  the  same  magnitude  as  Venus  eeeu  aa  a  mornin/k'  or 
«v«niiig  star. 

The  relative  apparent  magnitudes  arc  exhibited  mji*j,  80,  at  e 
and  K. 


Fig.  80. 

It  would!,  how«?ver,  h&  a  gjeat  mistake  to  infer  tliat  the  light  uf 
the  Bun  at  Neplune  approaches  m  any  degree  to  the  faintnese  of 
that  of  Venus  at  the  earth.  If  Venuf,  when  that  planet  appeals 
as  a  morning  or  evening  star,  with  the  appai'ent  diameter  of  60", 
had  a  full  disk  (instead  of  one  halved  or  nearly  so,  like  the  moon 
at  the  quai-ters)^  and  if  the  actual  intensity  of  light  on  its  surface 
were  equal  to  that  on  the  surface  of  the  sun,  the  light  of  the  planet 
would  be  exactly  that  of  the  eun  at  Neptune.  But  the  intensity 
of  the  light  which  falls  on  Veniid  is  less  than  the  int<*n«ty  of  the 
light  on  the  sun^a  surface,  in  the  ratio  of  the  gqniire  of  Venus'  dis'- 
tance  to  that  of  the  eiin>  seini-diameter,  upon  the  BUppusition  that 
the  light  is  propagated  accoixiing  to  the  eauie  law  as  if  it  lesutd 
fmm  the  sun's  centre  ;  that  is,  as  the  square  of  37  uiilliona  to  the 
square  of  half  a  million  nearly,  or  aa  37'  ;  |,  that  is,  as  5476  to  i'. 
If,  therefore,  the  surface  of  Venus  rcflecttd  (which  it  does  not )  all 
the  light  incident  upon  it,  its  apparent  light  at  the  earth  (coneider'- 
ing  that  little  more  than  half  its  illinivinRted  surface  is  seen}  ia 
aWut  1 1 ,000  times  less  than  the  light  of  the  sun  at  Neptune. 

Small,  therefore,  as  is  the  apparent  magnitude  of  the  sun  at 
Neptune,  the  intensity  of  ita  daylight  is  probably  not  les*«  thnn 
that  which  would  he  produced  by  about  20,000  stars  shining  at 
once  in  the  firmament,  each  being  eq^ual  in  splendour  to  Venus  when 
that  planet  is  brightest 

In  luldiiion  to  these  considerations,  it  must  not  be  forgotten  that 
all  such  estimates  of  the  comparative  efficiency  of  the  illuminating 
and  heating  power  of  the  sun  is  based  upon  the  supposition  that 
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His  light  \n  recetre<1  under  Hko  phyaicftl  cocdttion^^  ;  and  that  many 
eonceivnb!e  modidPAtioTis  in  th*?  physical  state  of  the  bodj  or 
mediiim,  on  or  into  wbich  the  light  fidla,  and  in  the  fltracture  of 
the  visual  organs  which  it  affecta,  uiny  render  light  of  im  extrexndy 
feeble  intensity  a»  efficient  ju  much  etrungi^r  lig^ht  i»  found  to  be 
under  other  rcmditions. 

492.  Buspacted  Hsg:  of  v«pttui«.  ^ — MessTB.  Laaaell  and 
CholUa  hare  at  times  imagined  that  indicfttioas  of  tome  such  ap- 
pendage 83  a  ring,  seen  neftrty  edgewise,  wore  perceptible  upon  the 
dink  of  Neptimt;.  Theae  conjectures  have  not  yet  received  any 
conKmmlion.  Wh^n  the  dec'linntion  of  the  planet  will  have  eo 
far  incr^iised  aa  to  present  the  riuj?.  if  such  an  appendage  he  really 
Attached  to  the  planet,  at  11  less  obliq^iie  angle  to  the  visual  my, 
the  i^ueition  will  probably  be  deeidtd. 


CnAPTER  XVIL 


l^X^LirfiEfs  TltANSITS,  Ayn   OOCULTATIO^S. 

495.  Znterpoaltlon  of  eeteatlal  objects. — Tlie  ohjecta  whicli 
in  auch  countlesa  numlwra  are  sJL^attered  over  the  iiroiatnent  being 
nl  distances  and  in  positians  infinitely  vftriou«»,  and  many  of  them 
heiup  in  motion,  so  that  the  dirt^iitiowB  of  lines  drawn  from  one  to 
another  are  constantly  varyiniur,  it  must  occamonally  happen  that 
three  will  come  into  ihe  inanie  line*  or  nearly  so.  Such  a  con- 
tingency produces  a  cla^s  of  occasional  astronomical  phenomena 
which  are  invested  with  a  high  jx)pubr  aa  well  ta  a  profound 
ftcieotiHc  interest.  The  rareness  with  wbich  some  of  them  are 
presented,  their  sudden  and,  to  the  vulgar  mass,  unexpected 
appearance,  and  the  einpular  phenomena  which  often  atttmd  them, 
Btrike  the  popular  mind  with  awe  and  terror.  To  the  a^tronomeri 
geographer,  and  navigator,  they  aubfter\'e  important  u&eSr  among 
which  the  determination  of  terreetrial  longitudofl,  the  more  exact 
estimation  of  the  stm'a  di.stance  from  the  earth  (which  is  the 
•iandard  and  modulus  of  all  distances  in  the  celeatlal  space^)^  the 
discovery  of  the  mobility  of  light,  and  the  measure  of  iU  velocity, 
hold  foremost  placea. 

When  one  of  the  extremes  of  the  series  tif  the  three  bodies 
wliieh  thus  assume  a  common  direction  is  the  eim,  tho  interme- 
diate hody  deprives  the  other  extreme  body,  either  wholly  or 
partially,  of  the  illnmlnntion  which  it  habitually  receivefl.  \NTjen 
one  of  the  extremea  is  the  earth,  the  intermediate  body  intercepta), 
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whnlly  or  partiftUji  the  other  extreme  body  fiwm  the  Tiew  of 
obaervers  situate  mt  places  on  the  earth  which  are  in  the  common 
line  of  directioiif  and  the  intermediate  body  is  seen  to  pasd  acroaa 
the  other  extreme  body  aa  it  enters  upon  and  lenvea  the  common 
line  of  direction.  The  phenomena  resulting'  from  such  continpen- 
ciee  of  position  and  direction  are  varioualy  denominated  eclifseb, 
TBAUSiTS,  and  occitxtatioxs,  accoTding  to  the  relativo  apparent 
magnLtudea  of  the  interposing  and  ohecured  bodies,  and  acooidiiig 
to  the  curcumEtances  which  attend  them, 

4,94.  1l«Deral  eon  dido  na  wblcb  detarmlae  tli«  pbendniAiia 
«f  Intorp^oaitlos  wben  ob«  of  Uie  estresae  objects  t»  Ui* 
••rtb^^If  the  interpoHing  and  interrepted  objpctia  have  disks  of 
Aonsible  magnitude,  the  ejects  attending  their  interpositioii  wiil 
depend  on  the  magnitude  of  the  diameters 
of  their  disks  and  tha  apparent  distance 
between  their  centres. 

Let  D  express  the  apparent  distance  between 
the  rentreA  of  the  two  disks.  Let  r  be  the 
semi-diamiiter  of  the  nearer,  and  r*  that  of 
the  more  distant  disk, 

49^-  Coaditloa  of  ii«  tiit«fi»#iltloii« — 
Xxt«rBal  eoiitaot.^If  s  be  greater  than 
r-i-r^f  m  represented  at  a,  jSff,  81,  the  disks 
must  be  entirely  outside  each  other,  and  con- 
setjuently  no  interposition  can  take  place. 
The  ntHvnest  points  of  the  edge*  of  the  disks 
are,  in  this  v&Be,  at  a  distance  equal  to  the 
diflference  between  d  and  r-\-r*j  that  is,  D^ 
(r+K).  If  D^r-fr',  as  at  n,  the  disks  will 
touch  without  interpositinn.  This  is  CAlIed 
the  pfjsition  of  external  contact. 

496.  Fartlal  tnteriMftltioiL  --^  If  B  be  less 
than  r  4-  r',  the  nearer  disk  will  be  partially 
interposed,  as  at  c.  In  this  case^  the  greatest 
breadth  of  the  obscured  part  of  the  more  re- 
mote disk  is  (r  -j-  r'}  —  d.  It  is  evident  that 
the  less  the  distance  D  is,  the  greater  will  be  this  breadth,  and 
the  greater  the  part  obscured. 

497-  **i^™ai  ooot««t  of  tnterposIiiffdiBk,— If  the  interpos- 
ing disk  be  lesji  than  ihts  more  distant,  it  will  reduce  the  latter 
to  a  crescent^  the  points  of  the  horns  of  which  meet^  as  represented 
at  D,  when  D=r  — r',  that  is,  when  the  distance  between  the 
centres  ia  et^ual  to  the  difference  of  the  apparent  semi-diameters. 

49«.  Ceatrloal  IntsriMMlttoJi  ofloaaar  dlak.— If  in  the  same 
c«e  the  centees  coincide,  as  at  e,  the  nearer  disk,  coveriog  all 


Fig.  II. 


tiie  ceotjfll  portion  of  the  more  distant,  will  leave  tmcoTered 
around  it  n  regiilftr  ring  or  ^miiluB  of  visible  eiirfac««  the  breadth 
of  which  will  be  the  difference  r— /  of  the  flemi-diftmeteriL 

499.  Complete  lnterp«Bltloii.  —  If  the  nearer  di^k  be  greater 
than  the  more  remote,  and  the  distance  B  between  the  centares  be 
not  greftter  than  r^r',  the  diiTerence  of  the  Bemi-diamete'ni,  the 
more  remote  diak  will  be  completely  covered,  and  will  continue  so 
until  the  centres  sepamte  to  m  greater  diBt&oce  than  r^r',  aa  repre* 
sented  at  F  and  0. 


I.   SOLAA  ECLIPSEa. 


500.  ftolar  eelli»e».^ — The  case  of  the  aim  and  moon  preaeii' 
ftll  these  V  alio  Ha  appearance*.  The  disks,  though  nearly  equal,  are 
each  subject  to  a  variation  of  magnitude  confined  within  certain 
narrow  limits  aa  has  been  already  explained  j  and,  in  consequence^ 
the  disk  of  the  moon  is  Bometimes  a  little  greater,  and  sometimet 
a  little  leas,  than  that  of  the  mm.  Their  centrea  moye,  as  has  been 
explained,  in  two  apparent  cLrclee  on  the  firmament ;  that  of  the 
sun  in  the  ecliptic^  and  tliat  of  the  moon  in  a  circle  inclined  to  the 
ecliptic  at  a  small  angle  of  about  5°.  These  circles  intersect  at  two 
opposite  points  of  the  firmament  called  the  moon^a  nodes  ( 1 96).  In 
oonaequence  of  the  very  small  obliquity  of  the  moon's  orbit  to  the 
e^ptio,  the  distance  between  the^e  pathsj  even  at  a  considerable  dis- 
tance at  either  side  of  the  node^  is  neceasarily  smaD,  Now^  since 
the  centres  of  the  disks  of  the  aim  and  moon  must  each  of  them  pass 
once  in  each  revolution  through  each  nod^^  it  will  Decessanly 
happen  horn  time  to  time  that  they  will  be  both  at  the  aame 
moment  either  at  the  node  it»elf,  or  at  some  point*  of  their  respec- 
tive pnths  BO  near  it,  that  their  apparent  distance  asunder  wii  be 
less  than  the  sum  of  their  apparent  semi-diameters,  and  either  total 
or  partial  interposition  must  take  place,  according  to  the  relative 
magnitudes  of  their  disks,  and  to  the  distance  between  the  points 
of  their  respective  paths  at  which  their  centres  are  simultaiieoualy 
found. 

501.  Partial  molmr  eeUpse. — If  the  apparent  distance  3  between 
their  centres  be  lees  than  the  sum  (r+r')^  but  greater  than  the  dif* 
ference  (r—r^)  of  their  apparent  semi'diameters,  a  partial  interposi- 
tion will  take  place  (496).  The  greatest  breadth  of  the  obscured 
parts  of  the  solar  disk  will  in  this  case  be  equal  to  the  difference 
between  the  sum  of  the  apparent  semi -diameters,  and  the  distanoQ 
between  the  centres  of  the  two  dhk»,  that  iss,  (r+r')  —  b. 

502.  Itfftfmltiide  of  eollpkev  expreflseH  hj  dibits.  —  If  the 
apparent  diamet^^rof  the  obscured  object  bo  supposed  to  be  divided 
into  twelve  equal  parts^  each  of  these  parts  in  reference  to  eelipae« 
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is  called  a  i>igit,  and  the  magnitude  of  an  eclipse  ifi  eatpressed  by 
the  Dumber  of  digiU  contained  in  the  greatest  breadth  of  the  ob- 
Bcured  part  of  the  disk. 

^03.  TotAl  aolar  ecUpfte* — To  produce  a  total  solar  edipee^  it 
is  neces8an\  1st,  that  the  apparent  diameter  of  the  inoon  ahoidd 
he  equal  to  or  greater  than  that  of  the  aun^  and,  ztUy,  that  the  Ap- 
parent places  of  their  centrea  ahoiild  approach  each  other  within  a 
distance  not  greater  than  r— r'j  the  difference  of  tlieir  apparent 
eemi -diameters.  When  these  conditions  are  fulfilled,  and  go  long 
ae  they  continue  to  be  fidfiUed,  the  et-lipse  will  be  total  (499}. 

The  greatest  value  of  the  apparent  semi-diameter  of  the  moon,  r, 
being  1  oo6'^  and  the  lea^  value  of  that  of  the  Bxm^  r\  being  946'^) 
we  eh  all  have  r^r^^  60". 

The  grsatefit  possible  duration,  therefore,  of  a  total  solar  eclipse 
will  be  the  time  nece&sary  for  the  centre  of  the  moon  to  gain  upon 
that  of  the  sun  60"  x  2  s:  1 20".  But  since  the  mean  ejiiodic 
motion  of  the  moon  ie  at  the  rate  of  30"  per  minute,  it  follows 
that  the  duration  of  a  total  solar  eclipse  can  never  exceed  four 
minutes. 

504,  Annalar  •cllift»m,  —  When  the  apparent  diameter  of  the 
moon  is  less  than  that  of  the  aun,  its  diek  will  not  cover  that  of 
the  sun,  even  when  concentrical  with  h.  In  this  caae,  a  ring  of 
light  would  be  appar€?nt  round  the  dark  disk  of  the  moon,  the 
breadth  of  which  woidd  be  equal  to  the  difference  of  the  apparent 
semi-diaroetera,  as  represented  at  e,  jTj^.  8 1 ,  ^Tien  the  disks  ore 
not  libsolutely  concentrical,  the  distance  between  their  centres  being, 
however^  lees  than  the  difference  of  their  apparent  Bemi-diameters^ 
the  dark  diak  of  the  m<:>on  will  still  be  within  that  of  the  fiitUj  and 
will  appear  surromided  by  a  luminous  annulus,  but  in  this  case  the 
ring  will  vary  in  breadth,  the  thinnest  part  being  at  the  point 
nearest  to  the  moon's  centre ;  and  when  the  distance  between  the 
centres  i»  rednced  to  exact  equality  with  the  difference  of  the 
apparent  semi-diametws,  the  ring  becomes  a  very  thin  crescent, 
the  points  of  the  horns  of  which  unite,  as  represented  at  D,  Jiff. 
81. 

The  jj^reatsst  breadth  of  the  crescent  wiU  be  in  thii  case  equal 
to  the  difference  of  the  apparent  diameters  of  the  sun  and  moon. 

The  greatest  apparent  semi-diameter  of  the  mm  being  16'  18"', 
and  the  least  apparent  semi- diameter  of  the  moon  being  1 4'  44'^ 
the  greatest  possible  breadth  of  the  annulus  when  the  eclipse  m 
centrical  will  be  r—r'^q^",  which  is  about  the  20th  part  of  the 
mean  apparent  diameter  of  the  sun. 

The  greatest  interval  during  which  the  eclipse  can  continue 
annular  is  the  time  necessary  for  the  centre  of  the  moon  to  move 
synodically  over  94"  x  2=188",  and,  smce  the  mean  synodic  mo- 
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tion  is  at  the  rate  of  50''  per  miDute^  thia  interral  will  be 
6'l6  minuteft. 

505.  S«ter  •o]l|Mi««  diua  only  ooiriu'  at  or  near  tbe  epioolk  o« 
Dew  aiodiiA#  ^  Tbifl  ia  evidenti  bec^iuse  the  coDdition  which 
limita  the  apparent  distance  between  the  centres  of  the  disks  to 
the  sum  of  the  app&rent  semi-diameters,  involves  the  consequence 
that  this  distance  cannot  much  exceed  ^o",  and  &s  the  diiTereoce 
of  longitudes  must  be  atill  lesa  than  this,  it  follows  that  the 
eclipee  can  only  t^ke  place  within  less  thmi  half  a  degree  in  appa* 
rent  distance,  and  within  less  than  two  hours  of  the  epoch  of  con- 
junction, 

506.  SSBcts  of  pumltax.  —  Since  the  riaual  directions  of  the 
centres  of  the  disks  of  the  sun  and  moon  rnry  more  or  less  with 
the  poflition  of  the  observer  upon  the  earth's  surface,  the  conditions 
which  determine  the  occurrence  of  an  ecUpaOj  and  if  it  occur, 
those  which  determine  its  character  and  magnitude^  are  neoea- 
sarilv  different  in  different  parts  of  the  earth,  While  in  some 
places  none  of  the  conditions  are  fu]filJedf  and  no  eclipse  occurs,  in 
others  an  eclipse  is  witnessed  which  varies  from  one  place  to 
another  in  its  magnitude^  and  in  iome  may  be  total,  while  it  is 
partial  in  others. 

I{  the  changfi  of  position  of  the  ob^errer  upon  the  earth's  aur* 
face  affected  the  visual  directions  of  the  centres  of  the  two  diika 
equally,  which  would  be  the  case  if  they  were  equally  distant,  or 
nearly  so^  no  change  in  the  apparent  distance  between  them  would 
be  pttMluccd,  and  in  that  ease  the  eclipse  would  have  the  same 
appearance  exactly  to  all  observers  in  every  part  of  the  earth.  But 
the  sun  being  about  400  times  more  distant  than  the  moon,  the 
visual  direction  of  the  centre  of  its  disk  is  affected  by  any  differ- 
ence of  position  of  the  observers,  to  an  extent  400  times  less  than 
that  of  the  moon's  centre. 

Let  8,  E,  and  M,^ff.  82,  represent  sections  of  the  sun,  earth, 
and  moon,  made  by  the  plane  which  pnsses  through  their  centres. 
Let  a  line  p  j n  f  be  drawn,  touching  the  sun  and  moon,  hut  so  that 
they  shall  lie  ou  opjwBite  feides  of  it.  It  is  e\'ideut  that  to  an  ob- 
server at  P,  the  dark  disk  of  the  moon  would  touch  that  of  the  sun 
externally,  for  the  apparent  distance  between  the  centres  would 
be  measured  by  the  angle  a  P  M ,  which  k  equid  to  the  sum  s  T  9, 
the  apparent  semi-diamefcer  of  the  sun,  and  u  p  m  that  of  the 
moon. 

From  the  point «  let  lines  be  supposed  to  be  drawn,  touching 
the  earth  atpand^'.  It  is  evident  that,  to  an  observer  situate 
between  P  and  jr/,  the  apparent  diatance  of  the  centres  of  the  moon 
and  eun  would  he  greater  than  the  sum  of  th*^ir  apparent  semi- 
diameters,  and  they  would  therefore  be  separated  at  the  nearest 
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pointfl  of  their  dwla  br  ft  »pac6  equal  to  the  oxceift  of  this  distance 
above  the  a  urn  of  the  apparent  senii'diameters. 

Adopting  the  signs  alreftdy  used^  let  r  ex- 
press the  apparent  flemi-diameber  of  the  moon^ 
or  nearer  diflk,  /  that  of  tho  sun,  or  more  dis- 
tant difllCjandB  the  Apparent  distance  between 
their  centres,  we  ahidl  have  i>  greater  than 
r  -f  >^  for  every  point  firom  P  to  jp',  and  the 
•xccMS  will  increase  eontinufltly  from  p  to  p\ 

On  the  other  faandj  for  every  point  between 
p  amd  pf  l>  wiU  be  lesa  than  r+P',  and  the  ftun 
will  be  eclipied,  the  magnitude  of  the  ecHpae 
augmenting  graduallT  from  p  to  ji. 

The  phenomena  VHrring  therefore  indefi- 
nitely with  the  poeition  of  the  observer  upnon 
the  earth,  it  is  nece«Aftn%  in  order  to  render 
their  prodietion  practicable,  to  select  a  fixed 
pn»ition  for  wliich  they  may  be  calculated, 
formiilfe  being  established,  and  tables  pre* 
pared^  by  which  the  difference  between  the 
appearances  there  imd  at  any  proposed  place 
may  be  computed.  The  iixed  point  selected 
for  this  purpose  h  tbe  centre  e  of  the  earth. 

The  angular  diatanee  between  the  centre* 
of  the  disks  of  the  sim  and  moon,  a^  seen  from 
any  placre,  such  aa  p  for  example,  is  caHed 
their  apparent  distance  at  that  place,  and  their 
angidar  distance,  aa  seen  from  the  centre  e  of 
the  earth,  is  called  their  tme  distance.  Thus, 
a  p  X  is  the  apparent  distance  between  the 
centre«  at  P,  and  a  E  M  is  their  true  distance. 

In  the  actual  calcuiatioDa  necessary  to  sup- 
])ly  an  exact  prediction  of  the  beginning, 
mifldle,  the  end^  and  the  magnitude  of  a 
solar  eclipse,  many  particulars  must  be  taken  into  account,  which 
are  not  adapted  to  a  work  such  aa  the  present,  but  which  present 
no  other  difficulty  than  such  aa  attends  elaborate  aritbmeltcal  eom^ 
putation. 

^07.  Sliailow  ]»r»dtieed  %y  ftm  ^ptmoia  ff lobe.  —  Connected 
with  the  phenomena  of  eclipses  a&d  tmnsitft  are  certain  propertioB 
of  shadows. 

When  a  luminous  body,  radiating  light  in  all  directions  around 
it,  throws  these  roys  upon  an  opaque  body,  that  body  prevents  a 
portion  of  the  rays  from  penetrating  into  the  space  behind  it. 
That  part  of  the  space  ^m  which  the  li^ ht  is  thua  excluded  by 
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the  interposition  of  the  opaque  body,  k  called  in  astronoiuy  the 
8KAl>uw  of  that  body. 

The  ahape,  magnitude^  and  extent,  of  the  shadow  of  an  opaque 
body  will  depend  partly  on  the  sbiipe  and  magnitude  of  the  opaque 
body  itself^  aud  partly  on  that  of  the  hody  from  whidi  the  light 
proceeds. 

508.  rorm  RjMl  diiDeaflt«ii«  of  th9  atiaidc^w*^  In  the  t'»^» 
which  ore  attuidly  presented  in  tistronomy,  the  luminous  body 
>feiDg  the  situ^  and  the  opaque  body  a  pkuet  or  satellite,  both 
iure  globee,  and  the  fonner  of  much  greater  dimensions  than  the 
latter.  It  is  eitsy  to  show  that  In  such  ease  the  shadow  will  be  11 
cone,  projencted  to  a  certain  distance  behind  the  opaque  body.  The 
length  of  this  cone,  and  the  atiglti  formed  lit  iU  vertex,  may  be 
computed,  when  the  real  diameterB  of  the  sun  and  the  body  which 
forms  the  shadow^  and  the  dietJince  of  the  one  from  the  other,  are 
known. 

509.  Total  iuad  partial  lalar  «cUptes  expltnlaed  Dy  ibe 
Inoar  Bluuiaw.  —  The  moon  thus  projects  bvhioci  it  a  conical 
•shadow,  the  dimensions  of  which  can  be  ascertained  by  computatioD. 
If  when  the  moon  comes  between  tbe  mm  and  the  earth,  which  it 
must  do  near  conjunclionj  if  it  be  not  far  remored  from  the  node 
of  its  orbit^  this  shadow  wilJ  be  projected  on  a  paart  of  the  h^oii- 
sphere  of  the  earth  which  is  turned  to  the  sun,  provided  its  length 
be  grraiter  than  the  moon's  distance,  as  represented  in  ^.  83.  In 
this  case  the  shadow  will  move  oyer  certain  points  of  the  surface 
of  the  earth  lying  around  the  point  to  which  its  axis  is  directed. 
The  li^ht  of  the  sun  being  altogether  intercepted  within  the  limits 
of  the  shaclow,  a  total  eclipse  will  take  place,  the  diimtionof  which 
will  be  determined  by  the  limita  and  movement  of  the  shadow  thus 
projected,  which  is  in  effect  the  intersection  of  the  conical  shadow 
of  the  moon  and  the  earth's  surface. 

To  those  parts  of  the  earth  which  are  outflido  the  limita  a  a'  of 
the  shadow,  but  within  those /;;/  of  the  penumbra,  a  partial  eclipa© 
will  be  exhibited,  the  magnitude  of  which  will  be  so  much  the 
greater  the  nearer  the  place  is  to  the  axis  of  the  shadow.  All  such 
parts  will  be  more  faintly  illuminated  in  proportion  to  the  extent  of 
the  sun's  disk  which  is  obscured 

5  r  o.  Anonlar  eollpii«a  oaplalaed  hy  aliailtiiw.  —  If  the  length 
o^the  shadow  be  lees  than  the  moon's  distance  from  the  earth,  the 
vertex  not  reaching  to  the  earth,  no  part  of  the  earth's  surface  can 
be  immersed  in  the  shiidow.  In  that  case,  a  centrical  annular 
y^lipee  will  be  exhibited  at  those  points  of  the  earth's  surface  to 
^jiich  the  axis  of  the  shadow  is  directed.  This  case  is  represented 
j^  Jhf-  ^h  where  /*  repreaents  the  Tertex  of  the  moon's  shadow. 
A  ^  bB  places  within  the  circle  upon  the  earth,  of  which  aa'  ia  the 
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diameter,  there  will  be  an  annular  edipee,  and  at  the  centre  of  the 
(dzde  the  eclipse  will  be  centrical,  the  annulna  being  of  uniform 
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bteadth.  Outside  this  circle,  so  ftir  as  the  penumbra  extends,  the 
eclipse  will  be  partial,  its  magnitude  decreasing  as  the  distance  of 
the  place  from  the  centre  of  the  circle  increases,  until  at  the  limit  of 
the  penumbra  the  phenomenon  censes  to  be  exhibited. 

511.  Solar  aoUpCle  llalts. — The  moon's  orbit  being  inclined  to 
the  ecliptic,  at  an  angle  of  5°,  and,  consequenUy,  the  distance  of 
the  moon's  centre  from  the  ediptac  Yuying  in  each  month  from 
o*'  to  5%  while  the  interposition  of  the  moon  between  any  place 
on  the  earth  and  the  sun,  requires  that  the  apparent  distance  of 
their  centres  should  not  exceed  the  sum  of  their  apparent  semi- 
diameters,  which  never  much  exceeds  half  a  degree,  it  is  dear 
that  an  eclipse  can  neyer  happen  except  when,  at  the  time  of 
conjunction,  the  apparent  distance  of  the  moon's  centre  from  the 
ecliptic  is  within  that  limit,  a  condition  which  can  only  be  fulfilled 
within  certain  small  distances  of  the  moon's  nodes. 

There  is  a  certain  distance  from  the  moon's  node  b^ond  which 
A  solar  eclipse  is  impouiUe,  and  a  certain  lesser  distance,  w^m 


zg6 


ASTRONOMY. 


wbicb  thftt  pbGoonienoD  ts  mevitabl^.    These  diEtanc^f  are  culled 

the  80LAK  KCLII'TIC  LIMITS. 

512.  AppearancftA  attending  total  solar  eoUpaev. — A  naranJ 
consequence  of  tlie  difliision  of  knowledge  iii,  that  while  it  le^senf 
the  vague  aenae  of  wonder  with  wliich  aingiilar  phonomeDft  in 
niiture  nje  beheld,  it  increaeea  the  feeliDg  of  admiration  at  the 
harraoniiiufi  laws,  the  development  of  whicli  renders  eftaily  intelligtljle 
elSects  apparently  stntng^e  and  unaccountable.  It  may  be  imagined 
what  a  sense  of  flstoniebment,  and  even  terror,  the  tc^mporarr 
dlaappearancti  of  an  object  like  tbe  sun  or  moon  mu^t  have  produced 
in  an  age  when  the  causes  of  eclipses  were  known  only  to  tbe 
learned.  Siich  phenomena  were  reg:ardeJ  aa  precursors  of  diyine 
vengeance.  History  informs  ua  that  in  ancient  times  amiies  have 
heea.  destroyed  by  the  eflects  of  the  constemation  spread  among 
Ihem  by  the  sudden  oeciirrence  of  nn  eclipse  of  tbe  sun.  Com- 
mnndcii^  who  happened  to  possess  some  scientific  knowledge  have 
f liken  advantage  of  it  to  work  upon  tlie  credulity  of  those  around 
them  by  menacing  them  with  prodifjies,  the  near  approacb  of  which 
they  were  well  aware  of,  illustxttting  thus,  in  a  singular  and 
perverted  majiner,  the  maxim  that  knowledge  is  power** 

Tbe  spectacle  presented  Ivy  a  total  eelipse  of  the  sun  is  alwaya  meet 
imposing.  The  darknesa  is  sometimes  so  intense  as  to  render  the 
brighter  stars  and  planets  visible.  A  stidden  fall  of  temperature 
la  sensible  in  the  air.  Vegetables  and  animals  comport  themselves 
tm  they  are  wont  to  do  after  sunset.  Flowers  close,  and  birds  go 
to  roofit  Nevertheless,  tbe  darkness  is  diflerent  from  the  natural 
nocturnal  darkup-js,  and  is  attended  with  a  certain  indescribable 
unearthly  light  which  throws  uj>on  surrounding  objects  a  faint  hue, 
sometimes  reddish,  and  sometiraea  cadaverously  green. 

Many  interesting  narratives  have  been  published  by  scientific  ob- 
servers, who  have  been  so  fortunate  as  to  witness  these  phenomeiMI. 

5 1 3.  BbUt**  t>e&d«.  —  ^\'heu  the  disk  of  the  moon,  advandng 
over  that  of  the  sun,  has  reduced  the  latter  to  a  thin  crescent,  it 
was  obsened  by  Mr.  Francis  Baily,  in  the  solar  eclipses  of  1 836 
and  1 842,  that  immediately  before  the  beginning,  or  after  the  end 
4}f  complete  obscuration,  tlie  crescent  appeared  m  a  hand  of  brilliant 
points  separated  by  dark  spaces,  so  aa  to  give  to  it  the  appearance 
of  a  string  of  brilliant  "  beads."  The  phenomenon,  which  bos 
pince  been  frequently  fe-observed,  thence  acquired  the  name  of 
Bailt's  beu)«« 


*  Columbai  ii  said  to  have  AVMlled  hlisiseir  of  hia  scquAinLuce  with 
practical  jurronomy  to  preilii't  m  M>Iar  eclipse,  And  uj«d  th«  |>rediction  at  a 
mum  of  eatabliihing  hii  authority  over  th«  erewi  of  his  veta«ls,  wbo  abowMl 
i&dicatioDB  of  muliuvui  ditobedieDCC 
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rFiirtliCT  obeerradon  showed,  that  before  the  fomintion  of  the 
"benda"  th*  honus  of  the  cresceDt  were  Bometimea  iaterrupted  fuid 
broken  hj  block  itreaki  throwti  acroaa  tkein« 
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These  phenomena  Kte  roughij  sketched  in  Ji^s,  85  and  86. 

Fiffs.  S7  to  90  are  t4ikfiii  from  the  origioAl  sketches  of  Blr.  Bf 
represeutiog  the  progressiTe  diaappearanoQ  of  the  headfl  after 
termhi&tioa  of  the  complete  obscuration. 

$  14.  Frodnoed  hj  Innmr  aioiuit«tfit  prejeet«d  on  tiM  M 


Flf. 


tig.  88. 


— The&e  phenomena  arise  from  the  ppojecti 
the  moon'B  disk,  aermt^i  by  nuniewua  inequalitiea  of  the  ami! 
RpproachiDg  ho  close  to  the  external  edge  of  the  sun's  disk,  that  1 
pomt«  of  the  projections  extend  to  the  latter,  while  the  ii 
mediate  spaoea  remain  uncovered.     This  may  be  very  appn 
ately  iUnstrated  by  laying  the  blade  of  a  circtdar  saw,  having 
cut  teeth,  over  a  white  circle  of  nearly  equid  diameter  upon  a 
ground.    The  white  paxU  between  the  teeth  will  appear 
necklace  of  white  pearls. 
The  fact,  that  in  some  cases  the  beadfl  hare  not  been  seen, 
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seen,  appeared  in  a  less  conspicuoua  niBnoer,  may  be  explained  by 
the  g^reater  or  Ima  preTrdeuce  of  moimtaluous  msLBses,  on  that  part 
of  the  mcoo's  aurface  wkich  forma  the  edge  of  its  disik  at  diiTerunt 
timea. 

The  beada^  in  general,  disappear  Buddenlj,  at  tbe  momeDt  of  the 
com nieo cement  of  total  obscuration,  aud  reappear  on  the  other  aide 
of  the  lunar  difek,  with  a  soDiewhut  startling,  instantaneous  efiect, 
at  thij  moment  the  total  obscuratiun  ceases. 

515.  name-liiEe  protuberance*. — Immediately  after  the  com- 
menoement  of  the  total  obscuratioD,  red  protuberances,  resembling 
tiaraea,  appear  to  idsue  from  the  edge  of  the  moon's  diak.  These 
appearaucefi,  which  were  first  noticed  by  VasBenius,  00  tbe  occasion 
oHhe  total  solar  eclipse  which  waa  visible  at  Gottenberg  on  the  3ni 
of  May,  1733,  have  been  re-observed  on  tie  occurrence  of  every  tutal 
fiolar  eclipse  which  baa  taken  place  since  that  time,  and  coostitute 
one  of  the  moat  curious  and  inleresting  eflecta  attending  this  cla^ 
of  phenomena. 

516.  SO'lar  eollp<B«  of  1851«— A  total  eclip^  of  the  sim  took 
place  on  the  28th  of  July,  1851,  whidi  became  a  subject  of  system- 
atic obaervfttion  by  the  most  eminent  astronomers  of  the  present 
day.  A  ooDsiderabl©  Dumber  of  English  observers,  aided  by  several 
foreigners,  distributed  themselves  in  parties  at  different  points  along 
the  path  of  the  shadow,  so  that  the  chancee  of  the  impedlnientd 
that  might  arise  from  unfavourable  conditicms  of  tbe  atmosphere 
might  be  diminished.  The  reports  and  dramngs  of  these  various 
observers  have  been  presented  to  the  Royal  Astronomical  Society, 
and  published  in  their  Trartsadions,  A  detailed  description  of  the 
phenomena  observed  on  this  occasion,  together  with  a  few  of  thofie 
witneased  during  the  recent  solar  eclipse  of  tbe  tStb  of  July, 
i860,  will  give  to  the  reader  a  sufficient  illustration  of  the  nu- 
merous pectdiarities  which  are  only  visible  when  the  sun  is  totally 
eclipsed.  It  is  not  necessary",  therefore,  to  eater  into  any  detail 
respecting  observ^ations  of  preceding  eclipses. 

The  Astronomer  Koyal,  with  two  aaaistants,  Messrs.  Bunkin  and 
Iluniphreys,  authorised  by  the  Board  of  Admiralty,  selected  certain 
parts  of  Norway  and  Sweden  as  the  most  eligible  stations.  Pro- 
fessor Airy  observed  at  Gottenherg,  Sweden,  Mr.  Dunkin  at 
(Jhristiania,  Norway,  and  Mr,  Humphreys  at  Chris tiaustadt,  in  the 
south  of  Sweden. 

517.  OtiBerratlona  of  tbe  Asnxmomer  BojaJ. — The  weather 
on  the  wliole  proved  favourable  at  Gottenberg.  We  take  from  the 
report  of  the  Astronomer  Royal  the  following  highly  interesting 
particulars  of  the  progress  of  the  phenomenon. 

**  The  approach  of  the  totality  was  accompanLed  with  that  indescribably 
mystenoua  and  glwmy  Rppeamuce  of  th«  whole  aurrottmting  protipecl  wbich 
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I  h«v0[  Men  on  a  fonner  oocaaion.  A  pAtch  of  cleur  bhie  sky  in  the  zenith 
bocamo  parple^bbck  while  I  waa  saziug  at  it.  I  Cook  off  the  higher  power* 
iffith  which  I  had  acrutJoised  the  «un,  and  put  on  the  lowest  power 
(maffuiryinnf  about  34  tim*;*).  With  thia  I  saw  the  moiintAinn  of  the  rnoon 
perfectly  well.  I  wdtchud  carefully  Iha  approach  of  the  moon 'a  limh  to  tbo 
tun's  limb,  which  my  graduated  dark  glass  enabled  me  to  see  in  great 
perfection ;  I  saw  both  linnha  perfectly  well  defined  to  the  Ust,  and  saw  the 
line  becoming;  ttarruwer  and  the  ciups  becomitvf;  nharper  without  any  ditf 
tortiOTi  or  prolongation  of  the  Umba.  1  saw  the  moon's  serrated  limb  advi 
Qp  to  the  stm'a,  and  tho  hght  of  the  sun  gUmmuring;  through  the  bollni 
between  the  mountain  pcaka»  and  saw  these  glimmering  spots  extiugaif 
<ma  after  inothtr  in  extremely  rapid  auct'e.<iaion,  but  without  any  of  Ibe 
appeanincea  which  Mr.  Daily  has  described.  I  saw  the  sim  cohered,  and 
immediately  slipping  off  the  dark  glass^  instantltf  saw  the  appearances  re« 
prauuited  at  a  b  c  d,Juf.  u  PI.  XXII. 

*^B«fore  alluding  more  minutely  to  these,  I  must  advert  to  the  darkneuu 
I  have  no  mean^  of  astertaining  whether  the  darkness  really  was  greater  in  the 
eclipse  of  1841;  1  am  inclined  to  think  that  in  the  wonderful,  and  I  maji 
appalling,  ob«iirity,  I  saw  the  grey  gritnile  hilla  within  sight  of  H valas  mc 
distinctly  thiiu  the  darker  country  surrfiunding  the  Superga,  near  Turin.  Bt 
whether  bef'au-^e  in  1S51  tho  sky  wus  much  leas  clouded  than  in  1842  (so  that 
Iho  transition  was  from  a  more  luminous  state  of  sky  to  a  darkness  nenuiy 
e<}ual  in  both  cases),  or  from  whatever  cause,  the  suddenness  of  the  darkness 
in  1S51  appeared  to  me  much  more  striking  than  in  1841.  My  friemla  who 
wercon  the  upper  rock,  to  which  the  path  was  very  good,  had  great  difficulty 
in  descending.  A  candle  had  been  lighted  in  a  lantern  about  a  quarter  of  an 
hour  before  th«  totality ;  Mr.  HasselgTvn  was  unable  to  read  the  minutes  of  the 
chroaometer-face  without  baring  the  lantern  held  close  to  the  chronometer. 

*•  The  corona  was  far  broadur  llian  that  which  I  saw  in  1843:  roughly 
speaking,  its  breadth  was  tittle  less  than  the  mocm'a  diameter  1  but  its  out- 
line was  Tery  irregtilar.  I  did  not  remark  any  beams  projecting  from  it 
which  deserved  notice  as  much  more  consiiicuoufl  than  the  other*;  but  the 
whole  was  beamy,  radiati'd  in  structure,  and  terminated  (though  very  in- 
definitely) in  a  way  whkh  reminded  me  of  the  ornament  frequently  pJaciMl 
round  a  mariner's  compass.  Its  colour  waa  white,  or  resembling  that  of 
VeuMM,  1  saw  no  flickering;  or  unsteadiness  of  light.  It  was  not  separated 
from  the  moon  by  any  dark  ring,  nor  had  it  any  annular  structure;  it  looketl 
like  a  radiating  luminous  cloud  behind  the  moon. 

**  The  form  of  the  prorainencea  was  most  remarkable,  Thnt  which  I  have 
niarked  (a)  peminded  me  of  a  bomerang.  It»  colour  far  at  bast  two-thirds 
of  its  breadth^  from  the  convexity  towards  the  concavity,  was  full  lake-red, 
tbe  remainder  was  nearly  white.  The  most  brillitint  part  of  it  was  the  swdt 
fiirthcst  fmm  the  moon's  limb  ;  this  was  distinctly  seen  by  my  friends  and 
myself  with  the  naked  eye.  1  did  not  mensure  its  height;  bnt  judging 
generally  by  its  proportion  to  the  moon's  diameter,  it  ruujst  have  been  3'. 
Thia  estimation  perhaps  belongs  to  n  later  period  of  the  eclipse.  The  pro- 
minence (A)  was  a  pate  while  ^micircle  based  on  the  mcon^s  limb.  That 
marked  (c)  was  a  rod  detached  cloud,  or  balloon,  of  nearly  circular  form, 
aeptrated  from  th^  moon's  limb  by  a  space  (difltering  in  no  way  from  tha 
rest  of  the  corona)  of  nearly  its  own  breadth.  That  marked  (*/)  was  a 
small  triangular  or  conical  retl  mountain,  perhaps  a  little  white  in  the 
interior.  These  were  the  appearances  seen  instantly  after  the  formation 
of  the  totality. 
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**  I  fimployed  myself  in  an  uttempt  to  dt^luieate  rocphlj  the  appearancec  on 
thfl  wiMem  linjbn  and  I  look  a  ha.-*ty  view  of  the  country;  and  1  then  ex- 
amined tKe  moon  a  second  time.  I  believe  (but  J  did  not  carefully  ramark) 
thflt  the  prominences  al*  c  had  increased  in  height;  bnt  {d}  hod  oovr  dia> 
apjH'iired,  and  a  ofjw  one  (e)  bad  risen  up.  It  wna  irapowible  to  see  Lhia 
change  without  feeling*  the, conviction  tliat  the  promiiiencea  bdooged  to  the 
aun  and  not  to  the  Dioon. 

**  I  B^ain  luok<i?d  roBnil,  when.  I  siw  a  Bcene  of  t£n&xp«cted  beauty.  The 
soatfiern  part  of  the  »ky,  $l^  I  have  »aid,  was  toveredl  with  uniform  white 
clond;  but  in  the  northern  part  were  detached  cJoudji  upon  a  ground  of 
clear  sky.  This  clear  aky  was  now  strongly  illuminated^  to  the  height  of  jcP 
or35^,  and  through  almost  90°  of  aximtith,  with  rosy  red  light  shining  through 
the  intenrolt  between  the  clouda.  I  went  to  the  telescope,  with  the  hope 
that  I  might  be  able  to  make  the  polarization *ob9er>-ationa,  (which,  as  my 
appamtUR  was  ready  to  my  grasp,  might  have  been  done  in  three  or  four 
Herond«),  when  I  KtLW  that  the  «iitrra,  or  rugged  line  of  projections,  shown  at 
(/),  hmi  arJAen.  Thia  nerrti  wai  more  brilliant  than  the  other  protninunce&f 
and  its  cclour  was  dearly  scarlets  The  other  prominences  had  p«rhaps 
increased  in  height,  but  no  additional  new  ones  had  aritiea.  The  appearance 
of  this  fierrot  nearly  in  the  place  where  I  expected  the  appearance  ©f  the 
tun,  warned  me  that  I  ought  not  now  to  attempt  any  other  physical  obsarra* 
tion.  In  a  ibort  time  the  white  sun  burst  forth,  and  the  coroaa  aud  every 
prominence  vaniahed. 

*■  1  withdrew  from  the  telescope  and  looked  round.  The  ccmntry  leemod^ 
though  rapidly,  yet  half  utiwiUingly,  to  be  recovering  ita  mual  cbeerfmlness. 
My  eye,  however,  wita  caught  by  a  duakinesa  in  the  wutU-east,  and  1  im- 
mediately perceived  that  it  wa*  the  eclipse- shadow  In  the  afr  travelling  away 
in  the  direction  of  the  ehadow^a  path.  For  at  least  six  seconds,  thia  shadow 
remained  in  sight,  far  more  conspicuoua  to  the  eye  than  I  had  anticipnted,^* 

518.  0!}»erTat1onft  of  Mr.  Zlunkln  At  tnirtsUiaiila,  Vorway, 
and  of  nCr.  BuizipbroyB  at  Cluistlanstadt,  Sweden.  —Owing: 
to  the  UDfftVOiinible  etate  of  the  ntraosphere,  the  olisGrvationa  of 
the  other  membera  of  the  AdinirjrJty  party  were  not  so  Batisfac- 
tory  M  tliose  of  its  chief.  Nevertheless,  both  obaorvera  h&w  the  red 
prominences,  though  irnperftjctly,  as  compared  with  the  restilta  of 
tJie  ohservatioDa  of  the  AstTonomer  Koyal.  Bally 's  boAda  were  seon 
by  Mr.  Dimklo,  as  well  before  as  after  the  totiil  ohacumtion.  That 
observer  states  that — 

"About  15  seconds  before  the  beginning  of  total  darkness,  the  narrow  line 
of  the  sun  broke  up  into  numerowi  nmull  particlen  or  beads  of  lighL  Thej 
ware  of  different  sizea,  i*ome  l>eing  merely  points,  whde  others  appeared 
cUingateil-  their  appearance  waa  of  inlense  brilliitncy,  and  the  only  thia g 
with  which  I  can  compare  it,  ia  a  necklace  of  diamonds.  The  effect  on  the 
mind  at  their  forttiation  wnd  quite  overpowering.  1  was  unprepared  for  10 
magnificent  a  sight 

"At  the  re-appearame  of  the  aun,  the  aame  general  appearfnice  of  the 
phenomenon  of  Baily'a  beada  wan  exhibited,  but  the  effect  on  the  imagine- 
tion  wad  Dot  so  striking,  though  the  brilliancy  of  the  btiads  seemed  equal  to 
thoM  iiQtic«d  at  the  oommeacement  of  the  lotaltity. 
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"  Thre*  red  protuberancM  urere  seen ;  the  first  was  at  an  angle  of  45°  from 
the  vertex,  on  tixe  wejiflra  limb  of  tbe  moon,  ihe  second  al  fcP,  «ud  tho 
third  tt  no**.  The  kst-mentinncd  was  most  curioiifll/  formed,  having 
Bomething  of  a  horaed  ahape^  curved  in  the  direciioo  of  the  lower  limU  of  the 
moon.  Its  height  wm  aboat  i'  30",  and  its  breadth  at  the  base,  30".  Thia 
prominence  was  moat  reraarlsAble  from  it*  carved  or  hooked  appearance,  and 
during  iho  inter^'al  in  which  I  witnessed  it,  no  change  took  place  tn  tts 
form.  Its  colour  was  pink,  or  ro3<»,  but  the  ishade  wa»  not  very  deep.  Th© 
other  two  promincncefli  w«re  flimilar  to  each  other  in  siae,  their  height  being 
about  40",  and  their  breudlh  at  the  base,  30'V  c^ch  tapering  to  a  point  at  the 
apex ;  theio  proniinenees,  like  the  preceding,  remained  at  the  same  altitnda 
during  the  la<«t  minute  of  total  dark n ess.  On  the  appearance  of  the  first 
direct  ray  of  light  from  the  «olar  disk,  the  protiiberancefl  became  invi»ibl«, 
tin  trace  of  thpm  bein^  p«:rceived  after  the  formation  of  the  beads  on  the  t^ 
appearance  of  the  sun." 

With  regard  to  the  genend  darkneaa  at  the  time  of  totulity,  Mr, 
XhmkiQ  remorka  — 

"  The  darkness  was  not  exactly  aimilar  to  that  of  night,  the  oatlines  of 
moitnlainj  at  a  distance  of  at  least  fifteen  milea  being  faintly  rbible;  but 
yet  1  lound  it  difficult  t<>  read  the  title-page  of  a  book  ten  or  twelve  inched 
from  the  eve.  Immediati'lj  below  me  wa;9i  the  Fford, dotted  with  itn  numerous 
islands.  Over  this  mixture  of  land  and  water  the  effect  of  the  darkness  was 
very  peculiar,  the  water  having  the  colour  of  deep  pcirple,  and  the  islands  a 
dusky  yeilow.  From  imy  position^  every  part  of  the  visible  sky  was  covered 
with  cloud,  but  the  denjuty  in  diderent  parta  was  tinequal;  thin  had  the 
effect  of  making  some  portions  of  the  beavens  terribly  black,  whik  others 
were  comparatively  bright  The  effect  of  this  gr«at  contrast  was  not  easily 
forgotten." 

At  ChriatianstAdt,  the  plftnets  Venua,  ^fercury,  and  Jupiter, 
and  the  stars  ArctTinns,  and  VegQj  were  visible  during  the  totality 
of  the  eclipse. 

519.  Obvorvattoca  of  Mr.  Oray*  at  Tnae*  near  SarpsDorr* 
arorway.  —  Tlnia  gentlemttn  aleu  saw  Baily's  beads,  both  before 
and  afti^r  the  total  obscuration.  IIo  saw  four  of  the  red  projections, 
three  of  which  are  rf^preaented  in^.  2.  Plate  XXI L,  the  foiulh 
resembling  c  and  d  in  fonn,  and  diametrically  opposite  to  a  in 
position  on  the  moon's  limb.  Tho  apparent  hei^rht  of  a  was 
estimated  at  i|',  and  iU  br*^adth  6z''\  but  the  altitude  of  thia 
afterwards  increased  to  if.  There  was  a  darkahadt?  in  tbe  curved 
portion,  which  gavp  it  n  reHemblance  to  a  gas  flame.  The  remainder, 
however,  wasro^e-red,  not  uniform,  and  veij  pale,  like  the  innermoel 
parta  of  the  petals  of  a  rose.  The  red  prominence  opposite  to  a  hiul 
an  apparent  altitude  of  i ',  and  a  deeper  red  colour.  The  prominent!€a 
c  and  d  M-ere  estimated  at  about  50"  in  size. 

During:  the  tot^dity,  the  ligbt  seemed  like  that  of  an  evening  in 
August  in  latitude  59'',  at  an  hour  and  a  half  after  aunset. 

520.  OBserratlonfl  of  iae«sr«.  Stepbenaon  and  Asdrewm  at 
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VreHrlolMTaarti,  Worway.  — Bail j'ft  beads  were  leeo  both  before 
and  after  the  total  obBcumtioD.  The  crt^scent,  before  diaappearing, 
was  seen  os  a  fiDe  thread  of  Ugbt,  which  broke  up  into  fragmeHts, 
and  when  it  re-appeared,  it  gave  the  idea  of  globtdes  of  mercury 
rushiDg  amongst  cat-h  other  along  the  edge  of  the  mooa.  In  a 
fecoud  or  two  after  the  disappearance  of  the  crescent,  a  roae-coloured 
fiame  shot  out  from  the  iimb  of  the  moon,  which  in  form  reaemblod 
a  sickle,  8cej%,  3.  It  increased  rapidlj,  and  tht^n  two  other  roae- 
coloured  prominences,  above  and  below  it,  started  out,  differing  ia 
ehape,  hut  evidently  of  th<j  Barne  character.  Besides  these,  there 
were,  &s  well  between  them  as  elsewhere,  around  the  raf>ou*a  edge, 
other  Imid  pointa  and  other  iudiMtinut  lines.  The  height  of  the 
principal  prominence  was  estimated  at  about  the  twentieth  of 
the  moon's  diameter,  that  is,  about  1^'.  The  chief  prominences 
lucked  likt!  hnrnjug  volcanoes,  and  the  lurid  i>oint8  and  lines 
reminded  the  observers  of  dull  streams  of  cooling  lava. 

521,  ObierFatlosa  of  »r.  louieU  at  Xroimifcttaa  r&Us, 
Sweden. —Having  he<ird  the  red  prominences  Been  in  former 
total  eclipaes  described  as  faint  appearances,  the  aatonbhment  of 
the  obaerx'er  may  be  imagined  when  he  saw  around  the  dork  disk 
of  the  moon,  after  the  commencement  of  total  obscuration,  promi- 
nences of  the  most  brilliant  lake  colour,  -^  a  splendid  pink,  qiute 
defined  and  hard,  ^j?,  4.  They  appeared  not  to  bo  absoluleiy 
quiescent  The  obsener  judged  fipom  their  appearance  that  they 
belonged  to  the  sun,  and  not  to  the  niooti, 

1^2 2.  ObBenr&tlona  or  BCr.  Bind  and  lIKr.  IlAwei  At 
SeeveUberi-,  nemr  SoR'eUioiiii,  Sweden^  —  Bailj^s  beads  were 
seen,  both  before  and  after  the  total  obscuration,  in  such  a  manner 
aa  to  IrJAve  no  doubt  of  their  cau8e  being  that  already  explained. 
In  five  seconds  after  the  commencement  of  the  total  obw'uration, 
the  corona  or  glory  amund  the  moon's  diak  was  seen.  Its  colour 
seemed  to  be  that  of  tarnished  silver,  brightest  next  the  moon's 
limb,  and  gntdually  fading  to  a  distance  equtd  to  one-third  of  her 
diameter,  where  it  became  confounded  with  the  general  tint  of  the 
heavena.  Appearaocei  of  radiation  are  mentioned^  sinular  to  tboee 
described  by  l^rofeaaor  Airy  :  — 

**  On  firftt  vifiwing  the  sun,**  lays  Mr,  Hind,.  *^  without  the  dark  glass  after 
the  comnifinicpment  of  totality,  three  rose -coloured  prominences  immediately 
caoglit  my  tye,  aud  otliers  were  seeu  ji  few  ewronda  Jflt^r,  (jig.  5).  The 
largest  and  uiojt  renmrkable  of  them  wnt  situate  about  5°  north  of  the 
panilld  of  declination,  on  the  western  timb  of  the  moon ;  it  was  atr&igbt 
through  two-thirds  of  itA  length,  hut  curved  like  a  «ahre near  the  extremity, 
the  eonc,»ve  ed^c  l>eing  towanis  the  horiion.  The  edges  were  of  a  full  rose 
(unk^  the  crntrnl  partu  pnlirr,  Lhou|rh  still  pink. 

"  Twenty  s^^conds,  or  thereMhouts,  after  the  diMppearnnre  of  the  son,  I 
eitiniAted  iu  length  at  45*^  uf  arc,  and  oQ  attealirely  walcJiing  it  towards  th« 
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«nd  af  toUlHj,  I  mw  it  raateriallr  lenijihened,  (probably  to  t  h  the 
bAviafr  apparently  left  more  and  more  of  it  viuible  as  »he  travelled  acroaatJuc 
t»un.  It  was  always  curved^  and  1  did  not  remark  any  cbange  of  fonn  nor 
Ibe  fllighttiHt  Riotitin  during  the  time  the  Aun  wu  hiddeii.  I  saw  tbis  extra* 
crdinariV  prominence  four  teconds  after  the  end  of  totality,  but  at  thia  time  it 
appeared  delacbud  from  the  aun'ii  limb,  the  strong  whice  light  of  the  Coro&A 
intervening  between  the  limb  and  the  L.asc  of  ihci  prominence. 

•*  Alxjut  iQp  south  of  the  above  object  I  saw,  during  the  totality,  a  detached 
triangular  spot  of  the  BHine  roee  colour,  jutsponded^  as  it  w^re,  in  the  light  of 
tbo  corona,  Drhich  gradually  receded  f^om  the  moon's  dark  lintb,  aa  ahe 
moved  ©nwartis,  and  wa»,  therefore,  cleairfy  connected  with  the  sun.  Ite 
form  and  position,  with  reH|>ect  to  the  large  prominence,  continne<l  exaci 
thu  anme  so  long  aa  I  observed  %U  On  the  south  limb  of  the  moon  appej 
a  long  range  of  ro»e -cohmred  flartiea,  which  ««emed  to  be  affected  with 
tremulous  motioti,  though  nut  to  atiy  great  extent. 

'^The  bright  rose-Ttil  of  the  top*  uif  these  projections  graduaUj  faded  towards 
their  ba»eA,  untl  along  the  inoon't)  licnh  appean^l  a  bright  narrow  line  of  a 
deep  violet  tint ;  not  far  from  the  western  extremity  of  this  I^ng  range  of 
red  flami'^  waa  an  isolated  prominence,  uboat  40"  in  altitude,  and  another  of 
nimihir  »\^f-  and  form,  at  an  angle  of  145Q  from  the  north  towanls  tbe  east. 
The  moon  was  decidedly  reddish -purple  at  the  beginning  of  totality,  bat 
the  reddish  tinge  diaappeared  before  itii  termination,  and  the  disk  aasumed  a 
dull  parpla  colour.  A  bright  glow,  like  that  of  t  wil  tght,  indicated  the  position 
where  the  fiuii  wda  about  to  emerge,  and  three  or  lour  Eie«  ondi«  later  th«bea*la 
again  formed,  thia  time  inttantaiieuu^ly,  but  le&A  numernua,  and  even  more 
irregular,  than  before.  In  tire  secondB  more  the  sun  reappeared  aa  a  veiy 
fine  crescent  un  the  suddt^n  extiuciion  of  the  beada." 


lis 
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Mr-  Dawes  observed  the  beads,  and  found  all  the  circiim stances 
att«»ndiiig  tbeir  appearaaca  aiich  as  to  leave  no  doubt  as  to  the 
tfuth  of  tbtj  liauBe  generally  aligned  to  tbem.  He  observed  the 
tjoronn,  a  few  seconds  after  the  commencement  of  the  totality,  and 
estimated  its  extreme  brextdth  at  half  the  moon's  diameter,  the 
brightness  being  prfjatest  near  the  moon's  limb,  and  gi'adually 
decreasing  outwardB.  The  phenomena  of  the  red  pro tnbt? ranees, 
witneaaed  by  Mr.  Dawes,  are  ao  clearly  and  satisfactorily  described 
hj  him^f  that  w^  think  it  best  here  to  give  the  account  of  them  in 
bis  own  words  :  — 


*^  Thruugbout  the  whole  of  the  quadrant,  from  north  to  enat,  there  was  no 
visible  protuberance,  the  corona  being  uniform  and  uninterrupted,  Betwoeu 
the  east  and  south  points,  and  at  ati  angle  of  about  115''  from  the  north 
point,  appeared  a  large  red  promineru<e  of  a  verj-  regular  conical  form,  fig. 
6.  When  tirat  seen  it  might  be  about  i|'  in  altitude  from  the  edge  of  the 
moon,  but  its  leji^tb  diminij»hed  a»  the  moon  advanced, 

**  The  position  of  thi«  protubernnce  may  be  inaccurate  to  a  feiw  degrees, 
being  more  hojstily  notices!  than  the  others.  It  waa  of  a  deep  fose  coloiiri 
and  rather  pater  near  the  middle  than  at  the  CMlgi^, 

"  Proceeding  southward,  at  about  145*^  from  the  north  point  commenced  a 
low  ridge  of  red  protiiinetices,  resembling  in  outline  the  top*  of  a  verv 
irregular  nuige  uf  hillii.     The  higbeat  of  these  probably  did  not  exceed  40" 
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Thti  lidgo  extended  through  50P  or  55*^,  and  reached,  therefore,  to  aheut 
197^  from  the  north  point,  ita  tuue  being  throughout  Cormed  by  the  ^bArply- 
dutiiied  «dge  of  the  maon.  Ilia  iiregulnritiea  at  the  top  of  the  ridg«  g«emed 
to  be  permanent,  but  (hey  certainly  appeared  to  undulate  from  the  west 
lowarda  the  eaat  1  proh&bty  an  ftLmospberic  phenomenoii,  aa  (he  wind  waa 
in  the  west 

**  At  about  izo^  commenced  another  low  ridge  of  the  juirae  character,  and 
extending  to  about  a^oP,  le^  elevatt'i^  than  the  other,  and  aLw>  lesa  irregular 
in  outline,  except  that  at  about  225°  a  very  reniarkal>le  protuberance  rose 
from  it  to  an  altitude  of  ij',  or  more.  The  tint  of  the  low  ridge  waa  « 
rather  pale  pink ;  the  colour  of  the  more  elevated  prominence  was  decidedly 
deepl<l^r,  und  ita  brightness  much  more  \ivid.  In  form  it  resembled  a  ^fejr'a 
twtk,  the  convex  side  being  northwards,  and  the  concave  to  the  aoutk,  The 
apex  woa  eomewh&t  acate.  Thia  protuberance  and  the  low  ridge  con- 
nected with  itf  were  observed  and  catimated  ia  height  towarda  the  end  nf  the 
totality, 

**A  tmall  double-pointed  prominence  woa  noticed  at  about  255*^,  and 
another  low  one  with  a  broad  baae,  at  about  26^^.  Thrse  were  also  of  the 
rose-coloured  tint,  but  rather  pater  than  the  large  one  at  125°. 

**Almoflt  directly  preceding,  or  at  170°*  appeared  a  bluntly  triangtilar  pink 
body,  tuaptndedy  as  it  were,  in  the  corona.  Thta  waa  separated  from  the 
moon'a  edge  when  first  »ccn,  and  the  separation  tncreaflt!>d  aa  the  moon 
advanced.  It  had  the  appearance  of  a  Urge  conical  protuberance,  whoae 
base  was  hidden  by  some  intervening  soft  and  ill-deQced  substance,  like  the 
upper  part  of  a  conical  mount uin,  the  lower  portion  of  which  waa  obscured 
by  cloudfl  or  thick  mist  I  think  the  ap*x  of  thiii  object  must  have  been 
atleaflt  i'  in  altitude  from  the  moon^s  limb  when  first  seen,  and  more  than 
l)f  toward!  the  end  of  total  obscuration.  Its  colour  waa  pink,  and  I  thotigbt 
it  paler  in  the  middle. 

"  To  the  north  of  this,  at  about  280°  or  28 5°,  appeared  the  most  wonderful 
phenocnenou  of  ihe  whole,  A  red  protuberance,  of  vivid  bri|;htneaa  and  very 
deep  tint,  aro^e  to  a  betght  of*  perhaps,  i^'  when  first  ae^n,  and  incrext«ed 
in  length  to  l",  or  more,  as  the  moon's  progress  revealed  it  tnore  com- 
pletely. In  shape  it  somewhat  reaeinbled  a  Turkisli  cimi'ter,  the  northern 
edge  being  convex,  and  the  southern  concave.  Towards  the  apex  it  b«nt 
auddenly  to  the  south,  or  upwards,  as  seen  in  the  telescope.  Ita  northern 
edge  waa  well  defined,  and  of  a  deeper  colour  than  the  re«t,  especially 
towarda  ita  ba«e.  I  shcukl  call  it  a  rich  carmine.  The  Bontht^m  edge  waa 
less  distinctly  deflned,  and  decided], j-^  poler.  It  gave  me  the  impression  of  a 
somewhat  conical  protuberance,  partly  hiilden  on  its  southern  side  by  some 
interreniiig  substance  of  a  soft  or  flocculent  cbHracler.  The  apex  of  thii 
protuberance  waa  paler  than  the  basev  and  of  a  purplish  tinge,  and  It  cer- 
tainly had  a  flic kt* ring  motion.  Its  bai*e  waa,  from  first  to  ]a«t,aharply  fciounded 
by  the  edge  of  the  moon.  To  my  great  astonishment,  this  marvellous  object 
ooiUimued  vwtie  for  aboitt  Jine  aecomii,  oa  nearly  as  I  could  judge,  after  tJw 
awiAapan  to  rea^rpear,  whii  h  took  place  many  degreej  to  the  fioulh  of  the 
situation  it  occupied  on  the  moon'a  circunifereQce.  It  then  rapidly  faded 
away,  but  it  did  not  eanitft  inttantanfoutfy.  From  its  extraordinary  sice* 
cnnouA  form,  dei'p  colour,  and  vivid  brightness,  thia  prolubernnce  absorbed 
much  of  mj  attention  t  and  I  atn,  therefore,  unable  to  atate  precisely  what 
changes  occurred  in  the  other  phenomena  towordatfae  cod  of  the  total  abac  it* 
ratios* 
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••The  are,  from  ab&ttt  283°  to  ibe  north  point,  wm  entirely  free  from  pio- 
mineac^B,  aail  also  frum  any  roseato  tuiL 


P3.  Sffdots  <»f  toua  dbftimratloii  0x1  surrounding  objects 

uid  ■cftuery,— Although  the  different  partieaof  obaervera  scattered 
over  the  path  of  the  moon 'a  shadow  were  not  equally  fortuoate  in 
having  a  clear  unciouded  sky,  they  were  all  enahlod  to  obaeire  and 
record  the  effecta  of  the  total  obscuration  upon  the  autroandlDg 
objects  and  coimtiy.  Dr-  Robertaon  of  Edinbu.rgh,  Dr.  Robinson 
of  AtiDngb,  and  some  oth  ens,  witnessed  the  eel  ipso  from  on  island 
off  the  coast  of  Norway,  in  lat.  61**  21'^  at  a  point  in  the  path  of  the 
axis  of  the  shadow.  The  precursory  pheuomena  corresponded  with 
those  described  by  other  ob^aireFB.  "^Th©  atmosphere  was,  however, 
ohacured  by  clonda,  which  appeared  to  rush  down  in  atreams  from 
the  place  of  the  sun.  The  aea-fowl  flocked  to  their  cmstomary 
pljtcea  of  rest  and  shelter  in  the  rocks.  The  dflrkneas  at  the  moment 
o£  total  obscuration  was  sudden,  but  not  absolute ;  for  the  clouda 
had  left  on  open  etrip  of  the  sky,  which  assumed  a  dark  lurid  orani^^e^ 
which  changed  to  |[rreemsh  colour  in  another  direction,  and  shed 
upon  persona  and  objects  a  faint  and  unearthly  light  Lampa  and 
caudles^  seen  at  fifty  or  sixty  yards'  distance,  were  aa  visible  aa  in  a 
dark  nighty  and  the  redness  of  their  light  presented  a  atraiige  contract 
with  the  geni'ral  jfreen  htie  of  cverytldng  around  them.  "  The 
appearance  of  the  country/'  say  a  Dr.  Robertaon,  *'  seen  throu^fh  the 
lurid  opening  under  the  clouda,  waa  moat  appidling.  The  distant 
peoka  of  the  Jo.-^tedals  and  Dovrs  Field  motmtama  were  seen  still 
illuminated  by  the  sun,  while  we  were  in  utter  darkness.  Never 
before  hfKt  we  observed  all  the  lights  of  heaven  and  enrthso  entirely 
confined  to  one  narrow  stripe  along  the  horizon,  —  never  that 
peculiar  greeniah  hue,  and  never  that  appearance  of  outer  darkneaa 
in  the  place  of  obaervation,  and  of  excessive  distance  in  the  verge  of 
the  horizon,  caused  in  this  case  by  the  bills  there  being  more 
highly  illuminated  as  they  receded  by  a  lesa  and  lesa  eclipfsed  sun." 

Mr.  Hind  say 3,  that  during  the  obscuration  the  entire  landscape 
was  overaproad  with  an  imnatural  gloom;  persons  around  hini 
aaaumed  an  unearthly,  cadaveroua  aspect ;  the  distant  sea  appeared 
of  a  lurid  red  ;  the  southern  heavens  had  a  sombre  purple  hue,  the 
place  of  the  aun  being  indicated  only  by  the  corona  ;  the  northern 
heKvena  ba<l  an  intense  violet  hue,  and  appeared  very  near.  On 
the  eaat  and  west  of  the  northern  meridian,  bands  of  light  of 
ydlowiah  crimaon  colour  were  seen,  which  gradually  faded  away 
into  the  unualural  purple  of  the  sky  at  greater  altitudes,  producing 
an  effect  that  can  never  be  eftiaiGed  from  the  memory,  though  no 
description  could  give  a  just  idea  of  its  awful  grandeur. 

At  aeveral  places  in  Prussia,  where  the  htavena  were  unclouded 
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during  thfl  total  oUscaratioTi,  a  great  number  of  the  more  conapi- 
etious  BtaTO,  03  well  as  the  plaDeta  Jupiter,  Vemia,  and  Mercuiy, 
wera  viaihle.  Several  flowering-  plants  were  obaerved  to  close 
their  bloaBoms,  birdg  which  had  been  previoaaly  flying  about 
disappeared,  and  domestic  fowls  went  to  roost, 

^24.  Solar  eollpie  of  I860,  July  19.  —  Dbaervatiuss  of 
».  lie  VerHer  at  Tarfl^ona,  of  !«<  Coldscbmldt  at  Vlttcirla» 
and  Of  HI.  Secelil  at  Desierto  ae  las  ^aliiia««  fipaia.  -«  The 
eclipse  of  the  sun  on  the  1 8th  of  July,  i860,  was  fiiTourably 
observed  in  varioufl  part«  of  Spain,  by  a^^tronomera  of  all  countries. 
Perhapa  on  no  occaaion  of  0.  similar  nature  was  a  greater  interest 
manifested  in  organising  parties  of  obsen-ers,  for  the  purpoee  of 
noting  correctly  the  various  phenomena  visible  only  during  the 
totality  of  a  Bolar  eclipse.  The  Admiralty  granted  the  nae  of  the 
splendid  steamship  Ilimalaya  for  the  conveyance  of  the  Britisb 
astronomers,  and  the  local  atithorities  in  Spain  gave  every  assistance 
to  the  expeditioD, 

The  resulta  of  the  obftervationa  are  not  all  published,  but  the 
important  fact  haa  beun  establiahed  that  the  various  phenomena 
which  are  only  to  bo  seen  00  those  rare  occasions  are  appendages 
of  the  BUD.  Several  photographs  of  the  appearances  of  the  sun 
and  moon  at  diflerent  times  during  the  totality,  as  well  as  during 
other  phases  of  the  eclipse,  have  been  obtained  by  Mr.  De  la  Rue 
and  othera,  on  which  the  pTomincnces  are  distinctly  marked,  show- 
ing the  progress  of  the  motion  of  the  moon  in  the  intervala  between 
the  different  photographs. 

In  the  absence  of  published  records  of  Eog1ii*b  astronomers,  we 
believe  it  will  be  instructive  to  give  short  extracts  from  those  of 
M.  Le  Verrier  and  M.  Goldachmidt  of  PariHf  and  M.  Secchi  of 
EoTiie,  all  of  wJiora  were  stationed  within  the  zone  of  totality. 
These  astronomers  were  favoured  with  a  clear  slcy  during  the 
observations,  and  the  whole  of  the  phenomena  nsually  seen  ap- 
pear to  have  been  observed,  with  the  exception  of ''  Baily*s  bonds/' 
These  were,  however,  seen  by  other  observers. 

We  consider  it  better  to  give  M.  Le  Verrier's  oc^unt  in  his  own 


^  J  now  arrive  it  the  diucription  of  the  lainlnoas  appendaj^^ca  which  appfrBtred 
on  Iho  eircamterence  of  the  lan&r  and  Aolar  disks,  nud  m  following  the  order 
ID  which  I  explored  them, (hat  istCammenciog  at  the  appAreiit  t^mth  of  th« 
•aiit  pa»iiiij;  down  towards  the  loiver  pnrt  \^(  the  disk  on  its  western  1)mb» 
then  flscendiup  hy  the  eastern  limb  laa  far  as  the  rertex,  and  again  descend- 
ing tmrafdn  the  west  to  the  point  where  the  tir!«t  ray  of  the  eun  reappeared. 
(I  (tpeak  here  of  the  phenomenon  &a  tK^en  hy  the  naked  eye,  and  not  by  an 
inviTting  tel^copa.)  ITlie  first  object  which  I  saw  in  the  fiehl  of  the  tele- 
isrope,  after  the  commencement  of  the  tntahty^  was  an  isolated  cloml  entirely 
•&parated  from  the  nicon'a  limb  by  a  space  equal  tu  its  own  size,  exteadiitg 
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to  in  Altitude  of  abomt  a  minute  Aod  a  balf.  The  colour  of  thU  cloud  WM  of  I 
fine  rose  mixed  with  a  tinge  of  violet,  aud  its  tTansparence  seemed  beigbtened 
almost  to  wbit«  by  the  brilliniicy  of  tome  of  Iti  partft.  A  little  lower  to  the 
rigbt,  two  cloudA  were  lying  on  eacb  other,  the  upper  cloud  being  smuUer 
tlian  tbe  lower;  tbe»  exhibited  the  greatest  inequalities  in  their  int«natty  of 
ligbL  The  remaintler  of  the  weitem  aide  of  tbe  diak,  oa  well  as  the  lower 
fMift,  presented  nothing  remarkably  excepting  thfl  corona,  who§e  light  ap- 
peared perfectly  white,  and  of  considerable  bnlliuticy}  but  on  the  eastern 
jimbt  about  thirty  degr«et  below  the  horizontal  diameter,  1  discovered  two 
elevaterl  ](r^nnineii(  es  conticrumis  lo  eocti  other.  Tbe  upfnir  aide  of  each  of 
tltoae  protuberancea  was,  like  the  clouds,  vividly  tinged  with  the  same  rose 
uid  violet  coloar„  whilst  the  oppoute  sid«  appearecl  white.  I  can  hardly 
doubt  the  form  which  these  prominfticea  presented.  As  it  contrasted  in 
aliape  with  that  of  the  otber  phenomena  which  I  had  previously  soen,  I 
verified  the  jag'ged  appearance  of  tbeae  pFaminenoea  with  g^reat  care.  On 
muving  my  telejjcop*,  tbe  high  pow^r  of  which  would  only  allow  a  ainall 
portion  of  Ihe  sun 'a  disk  to  be  eeea  at  once,  I  recognised  a  little  higher, « 
third  prominence  in  the  shape  of  a  tooth,  separated  from  the  otber  two,  bot 
of  the  same  form  and  colour,  and  differing  only  by  dimensions  more  con- 
■iderable.  The  remainiing  part  of  the  disk  oOfcred  nothing  remarkablo.  On 
wtttniing  to  the  upper  regioti,  I  found  the  two  douda  which  I  bAve  already 
descTJlMHl,  without  alteration. 

**  Twenty  seconds  before  the  reappeaiiLnce  of  the  san*  I  directed  my  atten- 
tion towards  the  point  at  which  it  was  expected.  That  part  of  the  limb 
which  two  minutes  pre\ioualy  appeared  perfectly  white,  weu^  now  tinged 
with  a  narrow  thread  of  a  reddish  purplo  colour;  but,  even  as  the  seconds 
passed  away,  ibii  eolound  thread  gradually  tncreascd,  and  soon  formed 
around  the  black  disk  of  the  moon,  to  an  extent  of  thirty  degrees  a  red 
border  of  an  increasing  and  de^nite  thickness,  ihe  outline  being  irregular  at 
the  upper  part.  At  the  same  time,  the  brightncsss  of  the  portion  of  the  coroni, 
which  during  the  few  preceding  seconds  emerged  from  nndt^r  tbe  disk  of  tho 
moon,  increased  with  such  a  rapidity,  that  I  was  in  doubt  whether  I  did  not 
■ea  the  limb  of  the  sun.  This  was  no  other  than  the  reappearance  of  a  direct 
ray  of  light,  which  in  its  turn  effaced  that  of  the  corona,  but,  however,  I 
was  certain  of  the  nature  of  the  phenomena  which  were  pasaing  at  the  same 
moment  before  my  eyen,  and  which  may  be  described  in  a  few  words.  UU  The 
risible  part  of  the  ejiierging  surface  of  the  sun,  in  every  direction  reaching  to 
an  altitude  of  seven  or  eight  seconds,  was  covered  by  a  bed  of  doads  of  ruse 
colour^  which  wen;  seen  to  increase  in  density,  even  as  tbey  appeared  from 
behind  the  disk  of  the  moon.  Muy  we  bi-lieve  that  the  entire  surface  of  the 
sun  IS  enveloped  by  tbem  at  a  low  altitude,  as  it  is  spread  over  with  faculsv 
and  that  the  rose-coloured  clouds  are  emanations  from  this  bed,  forming  the 
rpota  which  appear  on  the  disk  of  the  ann  ?  2nd,  Tbe  intensity  of  the  light  of 
the  corooa,  which  is  always  perfectly  white,  varies  with  great  rapidity  in  the 
iomwdiite  neighbourbocKl  of  the  solar  disk." 

Sonie  interestinj?  reflectiona  by  M.  Lo  Vomer  on  the  physical 
conBtitutioE  of  tbe  sun,  rpsiiltiiig  from  a  cctopiderfttion  of  llie  varioufl 
pheoomeaa  witnessed  by  liim  during  the  interval  of  totality  at 
this  edipsp,  would  eeem  to  raise  some  doubta  Id  hia  mind  of  the 
accuracy  of  the  generally  received  notion  that  the  »un  h  composed 
of  a  solid  opaq^ue  uuckuB^  or  glohcj  invested  with  two  atmospberei. 
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that  which  is  nearest  to  the  hodj  being  non-luminous  j  while  the 
whale  ia  Biurrounded  by  the  exterior  coating-,  which  is  self-lumin- 
ous^ and  the  aource  of  light  And  heat.  When  the  exterior  trover- 
ing  is  broken,  the  non -luminous  matter  i&  supposed  to  be  vigiblo, 
forming  the  spots  which  are  continually  presenting  themselves  on 
tha  solar  disk  (240).  To  this  complex  constitution,  it  is  now 
necessary  to  add  another  envelope,  that  which  forms  the  material 
of  the  rose-coloured  clouds  and  prominences.  M.  IjQ  Verrier*a 
remarks  on  the  suhject  are  as  follows :  — 

*'  Now  I  fear  thit  the  greiiter  part  of  these  envdopca  are  only  matters  of 
fiction  ;  that  the  iun  Is  dimply  a  lumirtuua  ban!}'  on  actODDt  of  its  bjgb  tem- 
[leratarct  and  covered  by  a  continuauD  bed  of  rose-coluured  matter,  tbe 
cxistenco  of  wbich  i«  now  suflicieully  proved,  Tbe  aun,  ihua  formofJ  of  a 
eentra)  body,  solid  or  liqtiid»  cover^ti,  by  an  atmospbere,  is  restored  to  tbe 
common  ]aw  of  the  constitution  of  celestial  bodies. 

**  Tlie  existence  of  a  bed  of  rose-coloured  mfttter,  partially  transparent, 
coToring  tfau  whole  aurfaca  of  the  sun,  is  an  ^tabliabed  fact  by  tbe  observa- 
tions made  during  the  time  of  totality  in  the  present  eclipse. 

••Observation  proves  also  that  this  roae-coloured  matter  is  aceumnlated 
occiAionally  on  certaiA  points,  in  quantities  more  considerable  than  on  others, 
and  AS  the  hght  of  the  corresponding^  part  of  the  sun  may  be  poasibliy  found 
more  or  less  extia^shed,  we  arrive  at  a  rtatnral  explanaiiun  of  tbe  spots  on 
the  Bun's  surface.  Tbesm  spots  will  exhibit  tbe  most  varied  forma  and  ap- 
pearances, subject  to  rapid  changes,  in  a  similar  manner  to  what  has  been 
ol ready  ohAcrved,  provided  they  are  produced  by  c loads.  Tbey  will  change 
tbeir  positions  on  the  surface  of  the  sun,  like  clouds  on  tbe  surface  of  the 
tartb ;  and  when  from  their  motion  the  determination  of  the  roiatictn  of  the 
aun  on  it*  axis  is  deduced,  we  ought  to  find,  as  it  frequeatly  happens,  dis- 
cordant results. 

**  Tbe  faculse,  or  Inminoos  streaks  which  appear  on  the  surface  of  the  son, 
by  chaapng  their  form  and  brightDPSs,  and  by  dtsappearinj^  from  certain 
regions,  to  appear  in  others,  could  he  explained  by  tbe  inequalities  and 
variable  density  of  the  atmosphere,  and  above  all,  by  tbe  illumination  of  the 
inclined  surface.  It  may  be  remarked,  that  in  the  neigbbourhood  of  the 
spots  the  facul»  are  generally  most  abondaat." 

The  town  of  T^azona^  near  which  M.  Le  Verrier  was  stationed 
during"  the  ecHpse,  is  situated  on  the  south  aide  of  the  river  Ebro, 
at  a  distance  of  about  ten  nulus  from  Tudela,  The  estimated  dura- 
tion of  totality  in  this  part  of  Spain  was  abotit  3""  lo'. 

M.  Goldschmidt  selected  Yittoria  as  the  station  at  which  a 
favourable  state  of  the  aky  was  probable,  and  which  was  also  con- 
venient for  the  observation  of  the  eclipse.  The  dtiration  of  totality 
at  Vittoria  was  estimated  at  3™  0%  being  about  thirty  eecoi^ds  less 
than  at  the  central  line  of  shadow.  The  inatninient  used  was  a 
telescope,  with  an  object-glass  of  four  inches  aperture^  magnifying 
about  4.0  times.  The  corona  and  rose-coloured  prominences  were 
seen  distinctly  by  M.  Goldschmidt,  dxawings  of  which  were  made 
by  him.    He  remafks  thai — 


I 
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"'file  most  imposing  as  well  as  compticatpd  of  these  prominences,  wrblcb  I 
will  call  th«  chantkiier,  was  grand  l^eyond  description.  It  ro«e  up  from  tb« 
limb,  appearing  like  «1endler  tongues  of  drt%  and  of  a  rote  colour;  its  edgei 
purple  and  transpArent,  allowing  the  interior  of  the  prominence  to  be  t^en; 
in  fact,  I  coiUd  see  distinctly  that  Ihii  protuberance  waa  hQlIow.  Shortlr 
beTore  the  end  of  the  totality.  I  mw  escape  from  the  summits  of  theaie  roce- 
colonrcd  and  transparent  sheaves  of  light,  a  alight  display  in  the  abape  <:f  ft 
fan,  which  gave  to  the  pnituberance  a  real  re«cinblance  to  a  chandelitr.  Iti 
haA«,  whrrh  at  the  commeticemeiit  of  the  totality  wa-i  noticed  v&ry  decidedly 
on  the  black  limb  of  the  moon,  became  alightly  hiss  nttacheil,  and  the  whole 
took  an  appearance  more  ethereal  ur  vapourish  ;  ht>wever,  I  did  not  lose  sight 
of  it  for  an  instunt.  The  jeu  of  light  which  came  from  tZic  RUinmita  dia- 
appeared  with  Ibe  appearance  of  the  firat  rays  of  the  aun,  but  it  waa  not  ao 
with  the  protyheraiiw  itself,  for,  an  instant  before  the  end  of  the  iolatity,  I 
uw  sercFttI  small  prominencet  appear  lying  close  tci  each  other  on  the  right 
of  it«  base,  and  forming  a  square,  which  is  the  character  of  tooibed  pro« 
n^lnencea;  two  otbers  of  the  same  height  were  seen  on  the  left  aide  of  its 
bane,  wh^fn  the  sun  had  already  appeared,  a>t  ii*  $5"*.  It  atmuld  be  metiUoned 
that  the  imagw  in  the  field  of  the  telescope  were  inverted. 

^  The  nortli  horn  of  the  solar  cre/ircnt  touched  the  last  of  these  pn)' 
minencem  four  minutes  and  forty  secomia  aflor  the  reappearance  of  the  suti. 
The  intense  light  caused  me  to  abandon  tliis  interesting  observation,  for  I 
was  not  at  the  time  u)«ing  a  coloured  glass;  however,  I  am  certain  that  the 
chandefut  and  the  little  promiQencea  at  iu  biH  bod  Dot  di8ap{>eaxvd  up  lo 
that  moment. 

"Although  fain  convinced  that  the  protuberances  belong  to  Uie  sun, 
nevertlieleas,  I  ou^;ht  to  remark  that,  at  liw  laat  momvnt,  1  was  aurprised  to 
see  the  din^^tion  of  the  chatuiehrr  referred  to  the  centre  of  the  moon,  rather 
than  to  the  centre  of  the  suu.  The  huight  of  this  prominence  was  estimated 
about  three  minutes  and  a  half  at  the  contmencement  of  totality,  and  four 
minutes  at  the  end.  llie  second  protuberance  ap|»?ared  on  the  apparent 
right  of  thL*,  at  a  distance  of  about  3,5°^  boi  og  about  three  minutes  and  twenty 
Mconds  in  height,  and  nearly  of  the  form  of  the  sign  of  the  planH  Saturn; 
this  prominecice  I  have  called  the  hook.  A  third,  lo  llie  right  of  the  two  pre- 
ceding, and  at  a  <l)Atani:e  equal  to  that  of  the  two  others^  assumed  a  form  of 
which  it  is  dithcult  to  give  on  ide«;  however,  I  will  call  itthn  Coo/A.  About 
eleven  degrees  to  the  right  of  the  second  protubcrnnce  I  noticed  a  fourth, 
small,  and  in  the  form  of  a  square;  between  thi^  and  the  third  there  wu 
situated  a  rose-colnured  chmd,  the  shaf^  of  which  was  elongated  and  b«nt, 
inclined  at  an  angle  of  45*^  towardi  the  left  limb  of  the  moon.  This  cloud 
waa  entirely  detached,  doattng  on  the  corona  like  a  red  cloud  at  sunset  lla 
centre  was  elevated  abov^  the  limb  of  the  moim,  about  one-half  the  altituda 
of  the  other  prominences,  or  about  two  minutes.  A  liftli  protuberance  ahw 
appeared,  at  the  beginning,  in  the  south-east,  srnd  was  of  increased  size  In 
the  middle  of  the  totality. 

«  I  ought  tornnark,  that  all  the  protiaberances  which  I  noticed  had  a  ten- 
dency in  their  fortim  to  describe  a  ctirre*  the  concavity  of  which  was  turned 
fro  Ml  the  side  of  the  west." 


The  eclipse  wa«  obseired  bj  M.  Secclii,  of  the  CoUegio  Romano, 
ftt  Deaierto  d©  las  Pftlnina,  near  Ornpe^a,  on  the  eastern  ccmst  of 
^poiii^  And  YdTj  utQtirlj  on  the  ceDiral  line  of  totulityj,  the  estunated 
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duratioD  of  the  total  dmrkneaB  at  this  Ettatiou  being  atboui  3*"  26'. 
AT.  SeccM  remarks :  — 

**  ShorUy  before  the  total  diaappeamncti  of  the  sun,  I  noticed  the  corona 
through  it  lightly  coloured  glaJM ;  I  removeiJ  the  glata  aa  loon  oa  the  eclij^Ae 
became  totaJ^  aiid  I  wns  astouislied  at  it*  brilliancy,  which  waa  sufficieat, 
even,  at  thia  lime,  to  d^iizli!^  the  eyei  but  ita  brightness  vblljly  diminiihed, 
t!ie  lirub  of  the  tan  being  surrounded  by  a  purplish  corona,  terminating  in 
fKtints  of  the  aama  colour,  which  aoon  diwippeored :  at  this  time  two  magni- 
ticent  protuberancM  appeared  a  little  above  the  spot  where  the  sun's  liml> 
disappeared.  One  wascooit-al,  wiih  a  point  rather  sknddrand  curveiJ,  bavin^: 
the  appearance  of  a  flAUie  ftomewhiit  agitated.  '1  he  other  was  Iqm  elevated, 
but  of  greater  extent;  it  occupie<l  an  arc  of  four  or  five  degrees  of  the  limb, 
the  iumtnit  terminating  like  teeth  of  a  very  fine  saw^  the  npper  outline  of 
which  was  almost  pancLllel  to  the  limb  of  the  moon.  The»e  protuberances 
visibly  decreased;  their  height  was  estimated  at  1^  and  i^  minutea  re* 
spectively.  At  the  coraraenccment  of  tolaliry  mo  prominence  was  visible  on 
the  opposite  Jimb  of  the  moon,  but  about  the  middle  of  the  eclip>8etwhen  iba 
two  tirsH  hnd  already  disappeared,  m  many  luminous  points  appeared  on 
theoih^roitleof  the  black  diak,  thai  I  was  for  a  ultort  time  einbarra.s»ed  which 
to  choose  for  measurement.  Thrse  brilliant  appearances  increAsed  in  size  as 
faat  as  the  moon  glided  forward,  and  I  saw  with  surpri<;e  an  almost  con- 
tinuous arc  of  purple  light  in»tantiineau.4ly  fonniKi,  eompoHed  of  amal)  pro- 
tuberance*, in  that  part  of  the  lunar  di*k  where  the  rciippearance  of  the  eun 
i»us  expected.  What  9iirpri*ed  me  moat  was  a  fine  n*d  cloud  entirely  de- 
tached from  the  protuberances,  pruj*cted  on  the  white  light  of  the  corotia, 
nod  followed  by  two  others  of  smaller  dlmenaionfl,  I  could  not  refrain  from 
calling  the  attention  of  KIM.  Aj;uihir  and  Ccpeda^  who  olM>crved  at  my  side, 
to  this  remarkable  phenomenon,  the  existence  of  which  wan  venl^ed  by  these 
obnenrers.  Meanwhile,  on  the  aide  of  the  lunar  disk  where  thw  sun  waa  re- 
appearing, the  light  of  the  corona  gradually  increased,  and  I  saw  dearly  the 
line  on  which,  in  a  marked  gradation,  the  white  light  of  the  fiboiosphere 
tiiiiigled  with  the  red  poijits  of  the  prominem-es ;  the  arc,  which  was  tinged 
with  red,  extended  at  that  time  to  at  least  60P.  Scmn  after  this  the  pratu- 
huranceii  became  inviaible,  but  I  siili  aaw  the  corona  with  the  naked  eye 
during  40  seconds  after  the  reappearance  of  the  sun,  the  solar  light  shining 
like  an  electric  lamp,  projecting  tremuliua  shadowj^. 

**  These  observations  have  convini'ed  me  that  the  protuberances  are  con> 
necied  with  the  san,  and  that  it  is  absurd  to  assert  the  contrary." 

52^,  XTldeDoe  of  a  solar  atzaosiiliierfi.  —  Many  of  tlie  phe- 
iioiiieuii  nttendinf)^  total  soliir  eolipaea  alFord  stroag  corrobomtorv' 
evidence  of  the  existence  of  a  solar  Rtmosphere,  extending  to  a 
rast  height  abo^e  the  luminoua  coatiDg:  of  llie  sun,  the  probability 
of  which  haa  been  already  shown  (256). 

The  coTonn,  or  bright  ray,  or  glory,  stirrotinding  the  dark  disk 
of  the  moon  where  it  covers  the  enn,  ia  ohsened  to  bo  concentric 
with  the  moon  only  at  the  moiuent  when  the  latter  is  concentric 
with  the  sun.  In  other  positions  of  the  moon's  dlak,  it  appears  to 
be  concentric  with  the  sun.  Thia  would  be  the  etle<!t  produced 
by  a  solar  non-luminoufl  atmosphere  faintly  reflecting  the  Bim'a  light 
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The  corona  supplies  no  exact  data  by  wliich  the  height  of  the 
Bolar  atmosphere  thus  fdotly  reflecting  light  can  be  aficertaixied; 
but  Sir  J.  Hen<chel  thinJis,  that  from  the  mftnoer  in  which  the 
diminution  of  light  is  mtmifysted  on  the  suu'a  diak,  being  by  no 
means  sudden  on  approaching  the  borders,  but  extending  to  Dome 
distance  within  the  disk,  the  height  must  be  not  only  gi-eat  in  an 
absolute  sense,  but  must  even  be  a  very  couaiderahle  fraction  of 
the  sun's  semi-diameter ;  and  this  inference  ia  strongly  confirmed 
by  the  luminoua  corona  flurruunding  the  eclipsed  di»k. 

5z6.  ProliAtile  causes  <ftf  tbe  r«d  em&niktloxifl  In  total  solar 
eolipces.  —  It  appears  tti  bo  agreed  generally  among  astronomers 
that  the  red  emanations  above  described  are  solar,  and  not  luntf. 
From  obstsryutiona  made  under  favourable  circumatajicea  in  the 
north  of  Spain,  during  the  total  eclipae  of  the  sun  which  occurred 
on  the  i8th  of  July,  i860,  aa  well  as  from  photographs  of  the 
eclipse  succcasfnlly  taken  during  the  time  of  ttttality,  conclusive 
prooia  have  been  recorded  that  these  prominences  are  atrictly  eolar* 
If  they  be  admitted  then  to  be  solar,  it  is  »^arcely  possible  to 
imagine  them  to  be  solid  raatter,  notwithstanding  the  apparent 
constancy  of  their  form  in  the  brief  interval  during  which  at  any 
one  time  ihey  are  visible,  for  the  entire  duration  of  their  viaihility 
has  never  yet  been  so  much  m  four  minutes.  To  admit  the  possi- 
bility of  their  being  solar  mountEnna  projecting  above  the  luminons 
atmosphere  t^unounding  the  tun,  and  rising  to  the  height  in  the 
exterior  and  non-luminous  atmosphere  funning  the  corona  neces- 
sary  to  explain  their  appearance,  we  must  suppose  their  height  to 
amount  to  nearly  a  twentieth  -part  of  the  sun 'a  diameter,  that  is, 
to  42|000  miles. 

The  fact  that  they  are  gaseoua  and  not  solid  matter  appears, 
therofore^  to  be  conclusively  established  by  their  enormous  mag- 
nitirde,  the  great  height  above  the  surface  of  the  sun  at  which 
they  are  placed^  their  faint  degree  of  illuminHtion,  and  the  cir- 
cumstances of  their  being  sometimes  detached  at  their  base  from 
the  visible  limb  of  the  sim.  These  circumstauceB  render  it  pro- 
bable that  these  remarkable  appearances  are  produced  by  cloudy 
masses  of  extreme  tenuity,  supported,  and  probably  produced  in 
an  extensive  spherictd  shell  of  non-luminous  gaseoua  matter,  sur- 
rounding and  riising  above  the  luminoua  fiuriace  of  the  aun  to  a  great 
altitude. 

When  the  opinions  and  reflections  of  the  numeroua  astronomers 
who  witnessed  the  phenomena  visible  d'mng  the  eclipse  of  the  1 8tb 
of  July,  1 860,  are  published,  we  shall  doubtless  be  in  a  position  to 
settle  definitely  this  important  and  interesting  question.  Mean- 
while, it  is  the  opinion  of  M.  Le  Verrier,  who  observed  the  phe- 
nomena imder  favourabk  cii>cum£tancp«^  that  it  ia  questionable 
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whether  tlie  received  notion  of  the  pliysical  constitution  of  thu 
aim  would  account  for  the^e  md  emanations,  He  sug^esta  that  the 
aun  may  be  simply  a  luminoua  body  on  account  of  its  high  tem- 
perature, and  that  it  is  covered,  in  some  parts  in  greater  density 
than  in  otheai,  with  a  continuous  bf^d  of  rose-coloured  matter. 
"The  sun,  thus  formed  of  &  central  bjdy,  and  covered  by  an  atmo- 
sphere, ia  restored  to  the  common  law  of  the  constitution  of  celestial 
bodies."  Until,  however,  the  subject  is  suiEciently  discussed  by  a 
comparison  of  the  accoimtd  and  opiuiona  of  other  aatronomers, 
it  would  be  merely  speculative  to  come  to  any  conclusion  at 
present. 

n.  LirsAE  Eclipses. 

527,  Cause  of  lunar  ecltp»eii*  —  ^Mien  the  moon  is  in  op- 
position, its  apparent  distjuice  from  the  plane  of  the  t^cliptic  or 
its  latitude^  vftrying-  from  o**  to  upwards  of  5**^  is  at  times  less 
than  the  apparent  eemi-dianieter  of  the  section  of  the  ewtb'a 
conical  shadow,  in  which  case,  falling'  more  or  lees  witbin  the 
shadow,  it  will  be  deprived  of  the  sun's  light,  and  will  therefore 
be  eclipsed. 

The  circumstances  and  conditions  attending  such  a  phenomenon 
depend  evidently  on  tbt)  dimensions  of  the  earth^a  shadow,  the 
magrutude  of  its  section  at  the  moon^s  distance,  and  the  position 
of  the  moon  in  relation  to  it. 

528.  Condi tloiu  wliloli  determine  Inoar  eolip««s.—  As  the 
earth  moves  in  its  orbit  roimd  the  sun,  this  conicjil  shadow  is 
therefore  constantly  pnjjected  in  a  direction  contrary  to  that  of  the 
sun.  Any  body,  therefore,  which  may  happen  to  be  in  the  pkue 
of  the  ecliptic,  or  sufficiently  near  to  it,  and  i^ithin  this  distance 
of  the  path  of  the  earth,  will  be  deprive<l  of  the  sun*e  light  while 
it  is  within  the  limits  of  the  cone.  The  moon  being  the  only  body 
in  the  universe  which  posses  witbin  such  a  distance  of  the  earth, 
is  therefore  the  only  one  which  can  be  thus  obscured, 

Tbe  section  of  the  shadow  ma}^  be  regarded  as  a  dark  disk, 
whose  apparent  semi-diameter  varies  between  37'  49"  and  45'  42", 
and  the  true  place  of  whose  centre  is  a  point  on  the  ecliptic  1 80° 
behind  the  centre  of  the  stin.  A  lunar  eclipse  is  produced  by  the 
superposition,  partial  or  total,  of  this  disk  on  that  of  the  moon, 
and  the  circumstances  and  conditions  which  determine  such  an 
eclipse  are  investigated  upon  the  prijaciples  already  explained. 

By  the  solar  tnbles,  the  apparent  position  of  the  centre  of  tho 
tun,  from  hour  to  hour,  may  be  ascertained,  and  the  position  of  tbfl 
centre  of  the  section  of  the  ehridow  may  thence  be  inferred.  From 
the  lunar  tables,  the  position  of  the  moon's  centre  being  in  like 
maojier  detennined,  tbe  distance  between  the  centres  of  the  section 


3H 


ASTRONOMY, 


of  the  sbftdow  and  the  moon's  diek  can  be  ascertiuned.  Wlien 
this  distance  is  e(|ual  to  the  sum  of  the  apparent  acrai-dianietera  of 
the  in*x)n'd  disk  and  the  aection  ai  the  sbadow,  the  eclipBe  will 
bi'gin  i  the  raoment  when  tho  distance  is  least  will  be  the  middle, 
of  the  eclipse,  mid  ihii  liae  of  grentest  ob&curation  ;  and  when  th©^ 
distance  between  the  centres  increasing  becomes  again  equal  to  tho 
ftum  of  the  apparent  semi-diametera,  tho  eclipse  will  terrniuate. 
The  ct tmputation  of  all  these  conditions^  and  the  time  of  their 
occurrence,  presenta  no  other  dilficul tj  than  those  of  ordinnrj' 
arithmetical  calculation. 

The  nia4»Tiitude  of  the  eclipses  fa  measured^  like  that  of  the  Biin, 
bjr  the  difierence  between  the  eum  of  the  Beuii-diametera  and  the 
dijitaaco  between  tho  centrea. 

The  occurrence  of  a  total  eclipse,  and  the  moment  of  its  com- 
jHencementj  if  it  tnke  place,  are  determined  by  the  distance  be- 
tween the  centre  of  the  abadow  and  that  of  the  moon  becoming 
equal  to  the  difference  between  the  Bemi-diameter  of  the  shadow 
and  that  of  the  moon.  Thus,  a  tottd  ©clipflo  will  take  place  if  the] 
moon 'a  latitude  I  in  opposition  be  less  than 

that  ifl,  less  than  tho  diffen^nce  between  the  sum  of  the  horizontal 
pamllaxea  and  the  mm  of  the  semi-diameters;  s  being  the  semi- 
onjjde  of  the  conical  sliadowj  &%  the  apparent  semi -diameter  of  the 
section  of  the  shadow  at  the  moon^a  dii^t-ance,  «,  «^,  the  apparentJ 
Bemi-diameterBj  and  h,  h',  the  horizontal  parallaxea  of  the  £tm  and 
moon. 

Since  the  sum  of  the  horizontal  parallaxes,  even  when  least,  ia 
much  greater  than  the  sum  of  the  apparent  Bemi-diametersj,  even 
when  g^att^,  a  totid  eclipse  of  the  mt>on  is  alwaya  |K)ssible,  pro- 
vided the  centre  of  the  moon  approaches  near  enough  to  the  centre 
of  the  6hadoWj  and  for  the  6am.e  reason  an  annular  lunar  eclipse  ia 
impossible. 

{^29.  Kiuiaf  ecllptto  UsUts. —  That  a  limar  eclipete  mar  take 
place,  it  19  necei«6arj'  that  the  moon,  when  in  opposition,  should 
Hpproa»:h  the  ecliptic  within  a  distance  less  than  the  sura  of  the 
appftTont  6emi-diameter9  of  the  moon  and  the  section  of  the 
shadnw.  Let  ita  latitude  in  opposition  be  1%  the  Hmiting  value  of 
thi&  will  be 

If  the  latitude  of  the  moon  be  less  than  this  (which  is  the  sum 
of  the  semi-diameters  of  the  moon  and  shadow)  an  eclipse  muat 
take  place. 

But,  as  in  the  case  of  solar  eclipsee,  the  ^uantitiea  compOBing 
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ihia  heing  Toriablo  the  limil  itself  is  Tariabk.  If  sucli  raluea  be 
as&igmcd  to  the  component  quantitiefl  as  to  reader  l'  the  greatest 
|W€fiil>le,  we  shall  obtaia  the  latitude  within  which  an  edipae  is 
pogciihle.  If  such  valoea  be  aseigned  as  wU  reiider  jl'  the  least 
possible^  we  shall  obtain  the  latitude  within  which  au  eclipse  is 
inevitable. 

530.  C-reauist  dnratlon  of  total  «cliiia«.^ — ^The  duration  of  a 
total  eclipse  depends  on  the  di&taaee  over  which  the  centre  of 
the  moon's  disk  moves  relatively  to  the  shadow  while  passing 
firom  the  first  to  the  last  internal  contact  This  may  vary  from 
O  to  twice  the  greatest  possible  distance  of  the  moon's  centre  from 
the  centre  of  the  shadow  at  the  moment  of  internal  contact,  that 
is,  to 

and  this  at  its  greatest  value  is, 

2L'=2X  (3o'58")»6i'  56"; 

and  sinc€  the  moon's  centre  moves  synod! cally  through  half  a 
minute  of  space  in  each  minute  of  time,  the  interval  necessary  tu 
move  over  61'  56"  will  be  two  hours  and  four  minutes,  which 
is  therefore  the  g^eate^t  possible  duration  of  a  total  lunar  eclipse. 

55  ] .  XelattFe  Dumber  of  *ol»r  and  laamr  ecllpt#s.'^  It  will 
be  o\idetit,  from  what  has  been  explained,  that  the  frequency  of 
solar  is  much  greater  than  that  uf  lunar  eclipHe^T  since  two  at  leaat 
of  the  former  wttij^,and  five  ma^,  take  place  within  the  year,  while 
not  one  of  the  latter  may  occur.  Neverthelesia,  the  number  of 
limar  which  are  exhibited  at  ati^  given  place  on  the  earth  is  greater 
than  that  of  solar  et^lipaes,  becautie,  although  the  latter  ocj[:ur  with 
fto  much  greater  frequency,  they  are  seen  only  within  ppurticular 
limits  on  the  earth's  surface, 

532-  !B:ffeota  of  tbe  eartJi'*  pcmunbrcu — Long  before  the 
moon  enters  within  the  sides  of  the  cone  of  the  shadow  it  enters 
the  penumbra,  and  is  parti dly  deprived  of  the  sun's  light,  so  as  to 
render  the  illumination  of  iu  surface  sensibly  more  faint.  It 
might  be  inferred  from  this,  that  the  obscuration  of  the  moon  is  so 
extremely  gradual,  that  it  would  be  impossible  to  perceive  the 
limitation  of  the  shadow  and  pcuumbra.  Nevertheless,  such  is 
the  splendour  of  the  solar  light,  that  the  thinnest  crescent  of  the 
sun,  to  which  the  part  of  the  moon's  surface  near  the  edge  of  the 
earth's  shadow  is  exposed,  producea  a  degree  of  illumination  which 
contmsts  so  strongly  with  the  shadow  as  to  render  the  boundary  of 
the  latter  so  distinct,  that  the  phenomenon  presents  one  of  the 
most  striking  evidences  of  the  rotundity  of  tbe  earth,  the  form  of 

If 
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the  fthadow  being  acctimt«lj  th&t  whtdi  one  globe  would  proj* 
upon  ouotber. 

533.  Kff)»ots  Of  reftmoUon  of  tlte  e«rtb'«  «tiD09i>ti«r«  tn 
totml  eollpse«.—  If  the  earth  were  not  Btirrounded  with  an  atmo- 
Bphero  cupaMe  of  r^fractiog  the  eun's  l%ht,  the  diflk  of  the  moon 
would  be  ftbanlutely  invisible  after  eotering^  within  the  edge  of  the 
shadow.  For  the  sftme  reason,  bowerer,  that  we  continue  to  aee 
the  Bun'i  diak,  and  leceive  ita  raja  after  it  has  reallj  descended 
below  the  horizon,  an  observer  placed  upon  the  moon,  and  there- 
fore the  surface  of  the  moon  it«elf,  must  continue  to  receive  the 
sun^a  Taj9  after  the  interpoaition  of  the  edge  of  the  earth's  disk  aa 
aeen  froin  the  moon.  This  refracted  light  falling  upon  tixQ  moon 
after  it  baa  entered  within  the  limits  of  tb©  flhodow,  produces  upon 
it  ft  peculiar  illumioation,  corresponding  in  faintne«a  and  colour  to 
the  raya  thua  trarjsmitted  through  the  earth**  atraosphere. 

$3  if.  Tile  lofimr  dJak  ^•Ible  dorlar  total  ot»a«nratloii.^ — 
When  the  moon's  limb  first  enters  the  ah  ado  w,  the  contrast  and 
glare  of  the  part  of  the  disk  still  enlightened  by  the  direct  rays  of 
the  Bunu  render  the  eye  insensible  to  the  more  feeble  illuminatioQ 
produoed  upon  the  eclipsed  part  of  the  diak  bv  the  refracted  rajSw 
Aa,  howeveri  the  eclipse  proceede,  and  the  magnitude  of  the  part 
of  the  diak  directly  enlightened  decreases,  the  eye,  partly  reUered 
from  the  eiceaaive  glare,  begins  to  perceive  very  faintly  the  eclipsed 
limb,  which  ia  neTertheless  visible  from  the  beginning  in  a  tele- 
acope,  in  which  it  appears  with  a  dark  grey  hue.  When  the  entire 
diak  baa  paaaed  into  the  shadow,  it  becomes  distinctly  visible, 
ahowing  a  gradation  of  tinta  from  a  bluish  or  greenish  on  the  out- 
side to  a  gradually  increasing  red,  which*  further  in,  changes  to  a 
colour  resembling  that  of  incandescent  iron  when  at  a  dull  red 
heat.  As  the  lunar  disk  approaches  the  centre  of  the  shadow, 
this  red  line  is  spread  all  over  it.  Its  illumination  in  this  position 
ia  aometimea  so  strong  as  to  throw  a  sensible  shadow,  and  to  render 
distinctly  visible  in  the  telescope  the  lineameuta  of  light  and 
shadow  upon  its  surface. 

These  effects  are  altogether  similar  to  the  auccession  of  tints 
developed  in  our  atraoaphere  at  aunset,  and  arise,  in  fact,  from  the 
same  cause,  operating,  however,  with  a  twofold  iu tensity.  The 
solar  rays  traversing  twice  the  thickness  of  air,  the  blue  and  green, 
lights  are  more  effectually  absorbed,  and  a  still  more  intense  red  ia 
imparted  to  the  tints  transmitted.  Without  purauing  these  con- 
sequences further  here,  the  reader  will  find  no  difficulty  in  tracing 
them  in  the  effects  of  sunset  and  of  sunrise,  and  of  evening  and 
morning  twDight. 
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in.      £CLIP8B8,  TRAiraiTfl,   AMI*  OcCFlTATIOiri  OP  TttK  JOTIAJT 

Ststem. 

$55.  Vbe  iii«ftoa«  of  Jupiter  muA  itU  »at«llltefti  lu  seen 
ffk-om  the  earUif  «zMblt  firom  Uxb«  to  time  aJl  tli«  effects  of 
liit«r|>oftltlon.^^ —  Let  J  J%  Ji^.  9 1,  r^'preeent  tlie  pljinet,  j/ J'  ita 
couical  shftdow,  §/  the  Aim,  e  and  e'  the  positiunj  of  the  earth  when 
the  pliuiet  is  in  quadrature,  in  which 
pOv*ition  the  shadow  j/ j'  ia  preseoted 
with  leaat  obliquity  to  the  visual  Hue, 
and  thtircfort!  leaat  fo^eshortene^^,  and 
moat  distinctly  seen.  Let  b  b'  ct  d  re- 
present the  orbitof  oneof  the  satellites 
the  plane  of  which  coincides  nearlv 
with  that  of  the  planet's  orhtt,  and, 
far  the  purposes  of  the  present  lUiis- 
tration,  the  latter  may  be  considered 
as  coinciding  with  the  ecliptic  with- 
out producing  sensihle  error. 

From  E  suppose  the  visual  lines  e  j 
and  E  J^  to  be  drawn,  meeting"  the  piith 
of  the  satellite  at  d  and  g^  and  at  a 
and  h%  and,  in  like  manner,  let  the 
corresponding  vieual  lines  from  e' 
meet  it  at  ^  and  ^^  and  at  a'  and  b\ 
Let  c  and  c'  be  the  points  where  the 
path  of  the  satellite  crosses  the  limit*; 
of  the  shadow,  and  h  and  ¥  the 
points  where  it  crosses  the  extreme 
aolar  rajrs  which  pass  along  those 
limits. 

If  if  express  the  lenjrth  i  f  of  th  e 
BhadoWf  d  the  distance  of  the  planet 
from  the  sim  in  semi-diameters  of  the 
planet,  and  r  and  r'  the  semi-dia- 
meters of  the  sun  and  the  planet 
teapectivelyi  we  shall  have 

by  which  formula  the  len|rth  of  the  shadow  is  found  to  he  !  247 
aemi-diameteis  of  the  planet.  Now,  since  the  distance  of  the 
most  remote  satellite  is  not  so  much  as  27  semi-diameters  of  the 
planet  (406),  and  since  the  orbits  of  the  satellites  are  almost  ex- 
actly in  the  plane  of  the  orbit  of  the  plimet,  it  is  evident  that 
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they  will  necessarily  pass  through  the  shndow,  and  almost  through 
ita  ttxia,  every  revolution,  and  the  lengths  of  their  pntha  in  the 
Bhodow  will  h&  very  little  leaa  than  the  diameter  of  the  planet. 

Th©  fourth  satellite,  in  extremely  rare  cases,  presents  an  excep- 
tion to  this,  paAsing  through  opposition  without  entering  the 
shadow.  In  general,  however,  it  may  be  considered  that  all  the 
satellites  in  oppo^iiition  piis?  through  the  ahadiow. 

$j6.  Sff6cta  of  Interposltloxi.  — The  planet  and  satell]t«8  ex- 
hibit, from  time  t^  time,  four  different  effects  of  interposition. 

557,  I  St.  XoUpaas  of  tbe  uLtetlltaa., — Tli  ese  take  place  "vrhen 
the  sateEites  pass  through  the  shadow  hehind  the  planet.  Their 
entrance  into  the  shadow^  called  the  immersion^  is  marked  by 
their  nearly  sudden  extinction.  Their  passage  out  of  the  shadow, 
called  their  tmn^mmiy  is  manifested  by  their  being  suddenly  ?<&-> 
lighted. 

538.  zud.  XoUpftes  of  ttie  ptftset  by  ttio  •atolUto*.— When 
the  satellites,  at  the  periods  of  their  conjunctions,  pass  between  the 
lines  «  J  and  t^  f,  their  ahadiL>wa  are  projecifd  un  the  surface  of  the 
planet  in  the  same  manner  as  the  shadow  of  the  moon  is  projected 
on  the  earth  in  a  solar  eclipse,  and  in  this  cose  the  shadow  may  be 
fleeo  moving  across  the  disk  of  the  plauet,  in  a  direction  parallel  to 
its  belts,  w  a  small,  round,  and  intensely  black  e»pot. 

539  3rd.  Oecitltatloaa  of  tbe  aatellltea  by  Uub  plmnvts. — 
"When  a  satellite,  parsing  behind  the  planet,  is  between  the  tangenta 
E  J  o'  and  E  y  b'f  drawn  from  the  earth,  it  is  concealed  from  the 
observer  on  the  earth  by  the  interposition  of  the  body  of  the 
planet  It  disappears  on  one  side  of  the  planet's  disk,  and  reap- 
pears on  the  other  side,  having  pnssed  over  that  part  of  its  orbit 
which  ia  included  between  the  tangents.  This  phenomenon  is  called 
an  occultfttion  of  the  sntellite. 

$40.  4th,  Tranatta  of  tbe  aatellttea  ov«r  tbe  planet. — 
When  a  satellite,  being  between  the  earth  iind  planet,  passes 
between  the  tangents  KJ  and  ej',  drawn  from  the  earth  to  tbe 
plwaet,  its  disk  is  projected  on  that  of  the  planet,  and  it  may  be 
seen  passing  acroas,  as  a  small  brown  spot,  brighter  or  darker  than 
the  ground  on  which  it  is  pr«jjected,  according  as  it  is  projected  on 
a  dftrik  or  brijjrbt  helt.  The  entrance  of  the  Bat^Uile  upon  the  diak, 
and  its  departure  from  it,  are  denoniinated  itsi  inffreM  and  egreiu. 

541.  Vbeoomena  predlotedi  In  Kantloat  JUmaDac.  —  The 
times  of  the  occurrence  of  all  these  several  phenomena  are  calculated 
and  predicted  with  the  greatest  precision,  and  may  he  found  regis- 
tered in  the  Nautical  Almanac,  with  the  diagrams  for  each  month 
to  aid  the  observer.  The  mean  time,  at  Greenwich,  of  the  eclipsee 
of  the  satellites  ia  there  accurately  given,  so  that  if  the  time  At 
which  any  of  them  are  observed  lo  occur  in  any  other  place  be 
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notdt,  thp  difference  of  auch  IocaI  time  and  thftt  regiBtered  in  tiie 
AlmnQAc  will  give  the  longitude  of  the  place  east  or  west  of  the 
meridian  of  Greenwich.  The  olwen  alioas  of  the  other  phenonienA 
of  the  satellites  of  Jupitor  cannot  be  uiade  with  suOkieat  nccuracji 
for  the  detemiination  of  differences  of  lonjritade. 

542.  Motion  of  ltg:lit  dlicoTered,  and  It*  ▼elooltr  moa^ 
■ured,  1>3r  meaxu  of  Uiefto  ecUpsei'^— Soon  after  the  iuveution 
of  the  ieleaoope,  Roemer,  an  eminent  Dani^b  nstronomer,  engaged 
in  a  seriea  of  observations,  the  object  of  which  was  the  discovery  of 
the  exact  time  of  the  revolution  of  one  of  these  bodies  round 
Jupiter.  The  mode  in  which  he  proposed  to  investigate  this  wiw, 
bj  observing  the  aticceaaive  ecUpsea  of  the  satellite,  and  noticing 
the  time  between  them. 

Now  if  it  were  pos^iible  to  obsen^o  accurately  the  moment  at 
which  the  eatellite  would,  after  each  revolution,  either  enter  the 
shadow,  or  emerge  from  it^  the  inlerviJ  of  time  between  these  events 
would  enable  us  to  calculate  exactly  the  velocity  and  motion  of  the 
eatellite.  It  was,  then^  in  this  iminner  that  Hoeraer  proposed  to 
ascertain  the  motion  of  the  eatellite.  But,  in  order  to  obtain  this 
estimate  with  the  gieatesfc  possible  preciaion,  he  proposed  to  con- 
tinue his  observations  for  several  monthdH, 

Let  ii3j  then,  auppoao  that  we  have  obsen^ed  the  time  which  has 
elapsed  between  two  successive  eclipi«ejj,  and  that  thij?  time  is,  for 
example,  forty-three  hours.  "VYe  ought  to  expect  that  the  eclipse 
woidd  i-ocur  after  the  lapse  of  eveiy  successive  period  of  forty-three 
boura. 

Imagine,  then,  a  table  to  be  computed  in  which  we  shall  calcu- 
late and  regiBter  beforehand  the  sidereal  time  at  which  every  suc- 
cej*aive  eclipse  of  the  satellite  for  twtjlve  months  to  come  shall 
oc^ur,  and  let  ua  conceive  that  the  earth  is  at  E,  at  the  commence- 
ment of  our  ob&ervjttion» ;  we  shall  then,  as  Roemer  did,  observe 
the  times  at  which  the  eclipses  occur,  and  compare  them  with  the 
correspndiiig  times  reffiatered  in  the  table. 

Let  the  earthy  therefore,  at  the  commencemeut  of  these  ob9en*a- 
tions,  be  supposed  at  E^  Jfg.  6j,  where  it  is  nearest  to  Jupiter. 
When  the  earth  has  moved  ti>  e",  it  will  be  found  that  the 
occurrence  of  the  eclipse  is  a  liUie  later  than  the  time  registered  in 
the  table. 

As  the  earth  mores  from  e"  towardB  »'",  the  actual  occurrence 
of  the  eclipse  is  more  and  more  retarded  Iwyond  the  time  of  its 
computed  occurrtmce,  until  at  e"',  in  conjunction,  it  is  found  to 
occur  about  sixteen  minute*  later  than  the  calculated  time. 

By  obaervationa  such  as  these,  Roemer  was  struck  with  the  fact 
that'hia  predictions  of  the  eclipses  proved  in  every  case  to  be  wrong. 
It  would  at  fiift  occur  to  Mm  that  this  dbcrepancy  might  ariBe 
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from  some  errors  of  his  obserratiuna ;  but,  if  such  were  the 
it  might  be  expected  that  the  result  would  bettay  that  kind  of 
irregularity  which  is  fdwftvd  the  character  of  such  errara.  Thus 
it  would  be  expected  that  the  predictetl  time  would  sometimes  be 
latfiTi  aiid  som*^timeft  earlier,  than  the  obsprred  time,  and  that  it 
would  be  Iftter  and  earlier  tja  an  irrejzular  extent.  On  the  contraiy, 
it  wttg  obsen'etl,  that  while  the  earth  moved  from  E  to  e'",  the 
observed  time  was  coDtLDually  later  thau  the  predicted  time,  and, 
mofeover,  that  the  interval  by  which  it  waB  later  continually  and 
regularly  increased.  This  was  an  effect,  then,  too  re|^lar  and 
oonsiatent  to  be  sup|M:tsed  to  arise  from  the  caj^ual  errors  of  obser- 
ration ;  it  must  have  its  ori^u  m  dome  physical  cau«e  of  a  T^giAaat 
kind. 

The  attention  of  Roemer  being  thai  attracted  to  the  qiieatton, 
he  determined  to  pursue  the  investigation  by  continuing  to  obaerre 
the  eclipses*  Time  accordingly  rolled  on,  and  the  earthy  transport- 
ing the  astronomer  with  it,  moved  fixjra  e'^'  to  e'. 

It  was  now  found,  that  though  the  time  observed  was  later  than 
the  oomputed  time,  it  was  not  so  much  ho  m  at  b"'  \  and  as  the 
earth  ag-win  approached  opposition,  the  difference  became  lees  and 
less,  until  on  nrriviug  at  E,  the  position  of  opposition,  the  obsenrad 
eclipse  agreed  in  time  exactly  with  the  computation. 

From  thia  course  of  observation  it  became  apparent  that  the 
lateneas  of  the  eclipse  depended  altogether  oo  the  ino 
distance  of  the  earth  from  Jupiter.  The  greater  that  diatance, 
later  waa  the  occurrence  of  the  eclipse  as  apparent  to  the  obsem 
and  on  calculating  the  change  of  ditstimce,  it  wiia  found  that  the 
delay  of  the  eclipse  was  eicactly  proportional  to  the  increase  of  the 
earth 'a  distance  firom  the  place  where  the  ei'lipso  occurred.  Thus 
when  the  earth  waaat  e'",  the  eclipse  was  obaened  sLxteeu  minutes, 
or  iibout  looo  seconda  later  than  when  the  earth  wtuj  at  E.  The 
diameter  of  the  orbit  of  the  earth,  e  e'",  measuring  about  two 
hundred  millions  of  miles,  it  appeared  that  tbat  dijitriuce  pro^iuced 
a  delay  of  a  thousand  seconds,  which  v^&s  at  the  rate  of  two 
hundred  thousand  mites  per  second.  It  appeared,  then,  that  for 
every  two  hundred  thousand  miles  that  the  earth's  distance  from 
Jupiter  was  increased,  the  obsenation  of  the  eclipse  was  delayed 
ODe  second  > 

Sneh  were  the  facts  which  presented  themaelvefl  to  Hoemer. 
How  were  they  to  be  explained  P  It  would  be  nhsunJ  to  suppose 
that  the  actual  occurrence  of  the  eclipse  was  delayed  by  the  increased 
distance  of  the  earth  from  Jupit<?r,  These  pbenonjeua  depend  onlj 
00  the  motion  of  the  satellite  and  the  position  of  Jupiter's  shadow, 
and  have  nothing  to  do  with^  and  can  have  no  dependence  on,  the 
poaition  or  motion  of  the  earthj  yet  unq^ueationabiy  the  time  they 
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t^tpear  to  occur  to  fm  observer  upon  the  earthy  baa  a  dependence 
on  the  distaDce  of  the  earth  finom  Jupiter. 

To  solve  this  dUBculty,  the  happy  idea  occurred  to  Roemer  that 
the  moment  at  which  we  see  the  extinction  of  the  aateUite  by  its 
entrance  into  the  shadow  \b  not,  in  any  caae,  the  very  moment  At 
which  that  e^rent  tak&a  place,  but  aometime  afterwiurd,  vix,  such. 
an  interval  as  m  sufficient  for  the  light  which  left  the  Batellite  just 
before  ita  eitinction  to  reach  the  eye.  Viewing  the  matter  thua,  it 
will  be  apparent  that  the  more  distant  tiie  earth  is  from  the 
eatellite,  the  longer  will  he  the  interval  hetween  the  eitinction  of 
the  satellite  and  the  arrival  of  the  last  portion  of  light  which  left 
it  at  the  eaith ;  but  the  moment  of  the  extinction  of  the  satellite  is 
that  of  the  commencement  of  the  eclipse,  and  the  moment  of  the 
arrival  of  the  light  at  the  earth  is  the  moment  the  oommenoement 
of  the  edipee  is  observed. 

Thxifl  Roemcr,  with  the  greatest  felicity  and  succeea,  explained 
the  dtscTcpaocy  between  the  calculated  and  the  observed  times  of 
the  eclipsea ;  hut  he  saw  that  these  cLrcumstances  placed  a  great 
discovery  at  his  hand.  In  short,  it  was  apparent  that  light  is 
propagated  through  space  with  a  certain  definite  speed,  and  that 
the  circumstances  we  have  just  explained  supply  tha  meane  of 
measuring  that  velocity. 

We  have  shown  that  the  eclipse  of  the  satellite  is  delayed  one 
second  more  for  every  two  hundred  thousand  miles  that  the  earth's 
distance  from  Jupiter  is  increaaed^  the  reason  of  which  obvioualy  is, 
that  light  takes  one  second  to  move  over  that  space ;  hence  it  is 
apparent  that  the  velocity  of  light  is  at  the  rate,  in  round  nnmbeis, 
of  two  hundred  thousand  miles  per  second. 

By  mare  exact  observation  and  calculation  the  velocity  is  found 
to  be  1 84,000  miles  per  second,  the  time  taken  in  crotmng  the 
earth *s  orbit  being  i&*"  35*"6« 

543.  Kollpaoa  of  Sattim'a  a&tellltaB  sat  obserratilfl. — 
Owing  to  the  obliquity  of  the  orbits  of  the  Saturoion  eateUites  to 
that  of  the  primary,  eclipses  only  take  place  at  or  near  the  equinoxes 
of  the  planet,  the  satellites  revolving  nearly  in  the  common  plane 
of  the  equator  and  the  ring*  When  they  do  take  place,  these  eclipses 
are  so  difficult  of  observation  as  to  be  practically  useless  for  the 
determination  of  longitudes,  and  have,  consequently^  received  but 
little  attention. 

rV.   TeAKSITS  of  TffE  IlfPERIOB  PLAITEXS. 

$44.  Condlttous  wbloli  deienalae  a  transit,  —  When  an 
inferior  planet,  being  in  inferior  conjunction,  hss  a  less  latitude  or 
distance  from  the  ecliptic  than  the  sun's  semi -diameter,  it  wiU  be 
leu  distant  firom  the  aun*s  centre  than  such  semi-diameter,  and  will 
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therefore  b«  within  the  siin'a  disk.  In  this  caee^  the  planet  being 
between  the  earth  and  sun,  its  dark  hemisphere  belng^  turned 
towards  the  c«rth,  it  will  appear  projected  upon  the  bud's  disk  as 
an  intenselj  black  roimd  spot.  The  apparent  motion  of  the  planet 
being  then  retrograde,  it  will  appear  to  move  across  the  disk  of  the 
aim  from  east  to  west  in  a  line  sensibly  parallel  to  the  ecliptic 

Such  A  phenomenon  is  C4tUed  a  xEAKsn-,  and  as  it  c&n  only  take 
plare  with  planets  which  pass  between  the  earth  and  sun,  it  ia 
limited  to  the  inferior  planets. 

545.  ZnterraJa  of  tbe  oocurremoe  of  tranalta.  —  The  tranmtfl 
of  ik'rcurj  and  Venus  are  phenomena  of  rare  occurrence,  especiAUy 
those  of  Venus,  and  they  are  sepaimted  by  very  unequal  intervals. 
The  following  are  the  dates  of  the  successive  transits  of  Mercuiy 
from  1 845  to  the  end  of  the  present  century :  -^ 


lB4f 

iM 
tfi6i 

1878 


Mar  >• 

Nor.  9. 
Vot.  ri. 
Ncnf,  4. 


Those  of  Venoj  occur  only  at  inteifvals  of  8,  122,  8,  105,  8,  id 
&c,  years ;  the  last  occurred,  in  1 769.     Two  only  will  take  place 
in  the  present  century  — on  the  8th  of  December,  1 874,  and  on 
the  6th  of  December,  1882. 

^46.  THe  anna  dlst».noe  dotermltt«d  liy  tHe  trmaatt  «f 
Ventu.  —  The  transits  of  Venus  have  acquired  immense  intereat 
and  importance,  from  the  circumstance  of  their  supplying  data 
by  which  the  sun's  distance  from  the  earth  can  be  determined  with 
far  greater  precision  than  by  any  other  known  method.  The  tronaits 
of  Mercury  would  supply  like  data,  but  owino-  to  the  greater 
distance  of  that  planet  from  the  earth  when  in  inferior  conjunction, 
the  conditions  affecting  the  data  are  not  nearly  so  favourable  &a 
those  supplied  by  Venus. 

The  tTansitof  Venus  on  the  3rd  of  June,  1769,  was  considered 
of  sufficient  imp«irtanL*e  for  sending  out  an  astronomical  expedition 
to  Otaheite,  in  the  Pacific  Ocean,  for  the  purpose  of  obtabtng 
observations  of  this  rare  phenomenon  at  &  distant  part  of  the 
irlohei  which  would  supply  the  necessary  data,  in  cooj  unci  ion  Tvith 
those  found  from  observations  in  other  localities,  for  ascertainingf 
the  amoimt  of  the  aim's  parallax.  This  expMition  was  !iuder  the 
command  of  the  celebrated  Captain  Cook.  The  French,  Ihij^ian, 
and  other  governments  also  fitted  out  expeditions  in  the  moat 
liberal  manner,  which  were  sent  to  viiriotts  parts  of  the  globe. 

On  ft  comparison  of  all  the  observations,  it  was  found  that  they 
grave  B''''5776  as  the  VjJue  nf  the  sun's  horizontal  parallax,  or 
1 7"*' 1 552  as  the  angie  which  the  earth's  diameter  suhtenda  at  the 
sun,      (See  Appendix,  80 7. J 
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The  detaila  of  this  celehratett  pTohlem  of  the  determination  of 
the  eun's  parallax,  by  observations  of  the  traueit  of  Veima  across 
the  Bul^r  dhkf  are  much  too  complicated^  and  involve  calcidations 
too  long  aDd  intricate  to  bo  explained  hero,  the  limited  extent  of 
thia  volume  forbiddiag^  explanationfl  which  req^uire  much  space  in 
their  eluctdatioa. 

V,  OCCTCTATIOKB. 

547.  Occaltatloii  deflned.  —  '^lieu  any  celestial  obje<?t,  the 
8un  excepted,  is  concenled  by  the  interposition  of  JinoLber,  it  Is  &aid 
to  be  occtTLTED,  and  the  phenomenon  l&  called  an  occititation. 

Strictly  apeakio^,  a  solar  ecltpae  19  an  occultadon  of  the  sun  by 
the  moon,  but  uMge  haa  given  to  itj  by  exception,  the  name  of-  bo 
eclipse. 

54S.  Occaltation«  bj  tlie  moon.  —  The  pbenomena  of  this 
clasa  which  possed^  greatest  aitTonomical  intert'St  are  those  of  stars 
and  planets  by  the  moon.  That  body,  measoring-  about  biilf  a 
dogroe  in  diameter,  move*  in  Jier  monthly  cotirae  so  as  to  occult 
every  object  on  the  firmament  which,  ia  included  in  a  lone  exteDding 
to  a  quarter  of  a  degree  at  each  aide  of  the  apparent  path  of  her 
centre.  Ail  the  Btars  whoae  places  He  ia  thia  zone  are  successively 
occulted;  and  diflappearancea  and  reappearances  of  the  more  con- 
spicuous ones,  ae  well  as  those  of  the  planets  which  may  be  found 
within  the  limits  of  the  same  zone,  present  s*mie  of  the  nioet* 
fitrtluDg  effects  which  are  witnessed  by  observers. 

The  astronomical  ainat^iur  will  find  in  the  Nautical  Almanac  a 
table  in  which  all  the  principal  occultationsj  hoth  of  stars  and 
planets,  are  predicted. 

The  diaappearance  takea  place  always  at  the  limb  of  the  moon, 
which  is  presented  in  the  direction  of  its  motion. 

From  tlie  epoch  of  full  moon  to  that  of  new  mo(3n  the  moon 
moves  with  the  enli|/htencd  edge  foremofit,  and  from  new  moon  to 
full  mr>on  i^'ith  the  dark  edge  foremost  During  the  former  inter- 
^al,,  therelbre,  the  objects  occulted  disappear  at  the  enlin^bteued 
edge,  and  reappear  at  the  dark  edge,  and  during  the  latter  period 
they  diaappear  at  the  dark,  and  reappeturat  the  enliffhtened  ed;^e. 

Th©  diBappearance«  and  reuppeanLocea  when  the  nwwn  is  a 
creaceut  are  eapeclaUy  remarkable.  If  the  disappearance  take  place 
at  the  convex  edge,  notice  of  its  approach  is  given  by  the  visible 
proximity  of  the  st^r,  which,  at  the  moment  of  contact,  is  suddenly 
extinguished.  Its  reappirarftnce  ia  more  fitartling,  for  it  seems  to  be 
suddenly  lighted  up  at  u  point  of  the  firmament  nearly  half  a  degree 
from  the  concave  edge  of  the  crescent.  If  the  disappearance  take 
place  at  the  dark  edge  it  is  much  more  striking,  the  stnr  appearing 
to  **  go  out  '*  of  itat^lf  at  a  point  of  the  sky  where  nothing  mterferea 
with  it 
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When  Bta»;  howerer,  are  of  less  mAgnitude  than  tlia  fifth,  the 
overpowering^  light  of  the  moon  makes  the  star  iavisible  before 
the  occuitatian  takes  pl^ca  at  the  enlightened  edge.  At  the  re- 
appeantuce  the  same  efiect  w  produced,  the  stax  before  becoming 
visible  is  hequentlj  eome  diatance  from  the  bright  Umb  of  the 
mooiL 

The  mooR^A  horizontal  paraUajc  amounting  to  nearly  twice  its 
diameter,  tlie  part  of  the  &*m&ment  on  which  it  b  projected  and 
which  ifl  its  appiirent  place,  differs  at  different  parte  of  the  earth. 
Id  ditferent  latitudes  the  moon,  therefore,  in  the  course  of  the  month 
appears  to  trarerBe  dLQfereut  zonea  ofthe  firmament,  and  conBequently 
to  occult  diiferent  stara  Stara  which  are  occulted  is  cert4un  lati- 
tudes are  not  occulted  at  all  at  others,  and  of  those  which  aie 
occulted,  the  duiationa  of  the  occultatioii  and  the  momenta  and 
placeii  of  disappearance  and  reappearaDce  are  diiferent, 

To  render  this  more  intelligible,  let  N  By^.  92,  represent  the 
earth,  N  being  its  north,  and  s  ita  south  pole.  Let  m  m'  represent 
the  mcHSi,  and  m*  and  m'  •  the  direction  of  a  8it<ir  which  ia  occulted 
by  it.  It  must  be  ubstened  that  the 
,  ,  distance  of  the  star  being^  practicallj  in- 
Enite  compared  with  the  diameter  of 
the  moon,  the  lines  m*  and  m'  *  are 
parallel.  Let  tb^se  lines  be  supposed  to 
be  continued  to  meet  the  earth  at  /and  ''^^J 
Let  similiu:  liues^  parallel  to  these,  ll^^l 
imagined  to  be  drnwu  through  all  poinl^l 
of  a  section  of  the  moon  mtide  by  a  plane 
at  right  angles  to  the  direction  of  the 
star  passing  through  the  moou^s  centre. 
Such  lines  would  form  a  cylindrical  stur- 
fftce,  the  base  of  which  would  be  the 
section  of  the  moon,  and  it  would  be 
intersected  by  the  surface  of  the  earth, 
a  portion  of  which  would  be  included 
within  it,  one-half  of  which  is  re- 
presented by  the  darkly  shaded  pnrt  of 
the  earth  between  /  and  /',  It  is  clear 
that  the  star  -will  be  occulted  by  the 
moon  to  aO  observ'ers  situated  within 
this  space. 
TATiile  this  cylindrical  space  is 
Fig.  91.  ried  by  the  moon^e  orbital  motion  froni 

west  to  east,  the  surface  of  the  earth  in- 
cluded between  the  parallela  of  latittide  I  n  and  T  n%  is  also  carried 
wtst  to  easti  but  much  more  rapidly,  by  tho  diurual  rotation^ 
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■0  that  the  places  between  these  poraUeli  are  coDtinuallj  overtaking 
the  cylindrical  space  which  limit*  the  occultation. 

It  is  erident  that  beyond  I  n  and  /'  n%  which  are  called  the 
"  limiting;  parallels,"  no  occuitation  can  take  place.  At  I  aad  V 
the  Btar  ia  seen  just  to  touch  the  moon  a  limb  without  being  occulted, 
but  within  those  limits  it  will  be  occulted.  The  middle  paridlel, 
0  o'  between  the  limited  parallels,  is  that  at  which  a  central  occid.^ 
tation  ie  seen,  and  wiieie  therefore  the  duration  ia  greatest  Tbo 
occuJt&tioQ  matf  be  seen  from  any  place  upon  the  earth  which 
liee  within  the  shaded  lone,  and  wiii  be  aeen  proTided  the  pheno- 
menon occur  during  the  night,  and  that  the  atar  at  the  time  be 
above  the  boiizon  at  auch  an  altitude  lu  to  render  the  event 
observable. 

In  the  Nautical  Almanac  these  "limiting  parallela"  for  every 
conspicuous  occuitation  are  tabulatt-dj  aa  well  as  the  data  necea- 
Bart'  to  eoahle  an  obaen^er  at  any  proposed  latitude  to  aacertaia 
previously  whether  any  particular  oc end tation  wiU  be  obeervable. 

$49.  Xlet«niiliiation  of  loiirltad«a  bj-  lnjLar  occnltatiioiia. 
—  In  common  with  all  phenomena  which  can  be  exactly  piedieted, 
and  whose  manifestatioD  i»  instont-aneous,  occultationa  of  etrna  by 
the  moon  are  eminently  useful  for  the  exact  determinatioa  of 
longitudes.  Tho  frequency  of  tbeir  occurrence  greatHy  increaaea 
their  utility  in  this  respect,  and,  although,  for  nautical  purposes, 
the  observer  cannot  always  choose  his  time  of  observatioo,  and 
therefore  cannot  be  left  dependent  00  thf  m,  ihuy  come  in  aid  of 
the  lunar  method  as  verificatioDS  ;  and  for  geographical  purposes 
on  laud,  are  among  the  be»t  meani  which  science  ha«  supplied. 
The  times  of  the  disappt;!'arance  and  reappearance  aa  given  in  the 
Nautical  Almiumc  being  only  approximate,  it  is  necessary  to 
compare  the  timea  ta  observed  at  any  particular  station  with  that 
observed  at  another  station,  m  at  Greenwich  for  example,  from 
which  the  diflereuce  of  longitude  of  the  two  places  is  inferred. 

5  ^O.  O«oultatloiti  tnO^lcate  tbe  preaence  or  altaence  of  om 
atmoapliere  Aroand  tb«  oocnluiig^  itody.  —  ^Mjen  a  star  ia 
occultetl  by  the  di«k  of  the  moon  or  planet,  its  brightness,  pre- 
viously to  its  tliMppearance,  would  be  more  or  lest  dimmed  by  the 
atmosphere  surrounding  such  object,  if  it  existed.  Such  a  gra- 
dual decrease  of  brightness  previously  to  disappearance,  as  well  as 
a  like  iu crease  of  brightness  after  reappearance,  has  been  observed 
in  occidtationa  by  the  disks  of  planets^  but  never  by  the  disk  of  the 
moon. 

It  is  hence  inferred  that  the  planeta  have^  and  the  moon  has  notj 
an  atmosphere. 

It  might  be  objected,  that  the  Iimar  atmosphere  may  not  have 
sufficient  density  to  produce  any  sensible  diminution  of  brightness. 
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Another  test  boa,  however,  been  found  in  the  effect  which  the 
refraction  of  tm  atmnjrphere  would  huye  in  decreasiiig  the  diiratian 
of  an  occultotion.  No  such  decrease  being  obflerred^  it  ia  inferred 
that  no  atinosphere  exists  ar<]niud  the  moon. 

551.  Singular  Tlilbtlltj  of  a  star  after  the  coiiiiii«iiceiBent 
of  oooaltadoD.  —  Some  observers,  of  sufficient  weight  and  autho> 
rily  t->  commaod  general  oonfidenco,  have  occasion&llj  witnessed 
ft  phenomenon  in  occultationa  known  as  the  projection  of  a  star  on 
the  disk  of  the  moon.  According  to  them,  it  sometimes  happens 
that  after  the  occulted  star  has  apparently  paiu»ed  behind  the  Limb 
of  the  moon  it  continues  to  be  seen,  and  even  for  ?ome  secoiids, 
notwilhBtanding'  the  actual  interposition  of  the  body  of  the  moon. 
If  thia  be  not  an  optical  illusion,  and  if  the  visual  rays  actniUly 
come  Eitmight  to  the  observer,  they  muet  piiss  through  a  deep 
fissure  in  the  moon.  Such  a  8upp<3«ition  is  compatihle  only  with 
the  rare,  and  apparently  fortuitous,  occurrence  of  the  phenomenon. 

The  general  opinion  of  astronomers,  however,  ia  that  the  pheno- 
menon of  the  projection  of  a  star  on  the  moon's  disk  can  he  ex- 
plained in  most  casea  hy  the  general  principles  of  irradiation. 
Thia  eingnlur  visibility  of  a  star  after  the  commencement  of  the 
occultation,  would  obviously  be  a  direct  eon9e<[iience  of  irradiation, 
if  we  nasume  that  the  image  of  the  moou's  limb  h  sometimeB 
Bpurionfily  eolarged  by  some  optical  defect  in  the  instrument  or 
the  observcri  and  that  Ihe  image  of  the  star  is  therefore  eeen 
through  this  imperfect  limb,^  being  really  a  false  impression  on 
the  viaual  organs  of  the  observer,  created  by  the  above  defect. 

In  the  Memoirs  of  the  Roytd  Adronomtcal  tSotnfty^  vol.  xiviii,, 
the  Astronomer  Royal  hue  treated  this  subject  at  mme  length,  and 
has  collected  every  reliable  instance  of  recorded  projection  of  a 
star  on  the  mofjn'a  disk.  From  1699  to  1 8 57,  seventy-four 
caaes  have  been  noticed  by  H*tronomei"9  of  varioua  countries,  and 
of  the  highest  authority.  Mr.  Airy  remarkp  that,  *'  It  is  to  be  con- 
ceived that  every  luminous  point  of  the  mooo^s  disk  is  accompanied 
with  a  system  of  rings ;  and  therefore^  that  the  aggregate  of  light 
produced  by  the  aggregate  of  all  the  luminous  points  of  the  moon's 
di$ik^  is  not  a  luminous  image  bounded  by  &  sharp  outline  at  what 
we  consider  the  geometrical  outline  of  the  image,  but  that  the  geo- 
metrical outline  is  fringed  hy  a  band  of  illumination,  produced  by 
tbe  interlacing  and  superposition  fnot  intetferewe)  of  all  the  syatema 
of  m^gA ;  and  aa  the  light  from  the  different  sources  is  actually  super- 
posed and  aggregated,  it  is  certain  that  tlum^  muat  be  a  considerablo 
quantity  of  light  external  to  the  geometrical  limb ;  and  when,  with 
a  very  tine  telescope,  we  see  the  moon's  limb  very  sharjily  defined, 
and  apparently  surrounded  by  immediate  darkness,  we  da  in  reality 
Bee  it  erroneously.  Probably  some  operation  of  the  mmd,  under  tbo 
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conviction  that  the  outline  of  light  ought  to  fall  in  a  given  curve, 
ftcta  on  the  animul  faculty  of  seDBation  so  as  to  incapacitate  the 
vuiial  Ofgana  from  perceiving  the  fainter  light  beyond  that  curve.'* 
Mr.  Airy  considers  that  his  explatijitiona  of  the^  curious  pheno- 
mena bring  them  under  the  general  category  of  irradiation.  But 
it  ia  a  kind  of  irradiation  which  eiista  at  one  time  but  not  at 
another,  which  ia  seen  at  the  seme  place  hy  one  obBerTer^  but  is 
unnoticed  by  others,  and  that  sometimes  it  remaina  apparently 
constaat  for,  at  least,  several  seconda  of  time,  and  sometimea 
vadea  from  instant  to  inatant  The»e  phenomeoa,  however,  form 
ui  interesting  subject  for  future  investigation. 

^  y2 .  Bnc^feated  app>lic«tlo  n  of  lunar  OHBOultatloiu  to  reaolVA 
doutile  «tara«  ^ — Sir  J.  llei>c*hel  thinks  that  these  occultiitions 
would  fiupply  means  of  aseertaintng  the  double  character  of  aome 
stars,  the  individuals  guapected  to  compose  which  are  too  close 
together  to  be  divided  by  any  telescope.  He  think^^,  neverthelesa, 
that  tliey  might  disappear  in  perceptible  suecesgion  behind  the 
edge  of  the  moon's  disk.  It  does  not  seem  to  be  ea«y  to  conceive 
how  such  an  effect  can  be  expocted  in  a  caae  where  the  most 
powerful  telescopes  have  faOed  to  reaolve  the  ators. 

5^3.  0«fliiltatlo]u  tijr  a  atom's  riiifi.— In  the  caae  of  stars 
occidted  by  Saturn's  rings,  a  reappearance  and  second  dlsappear- 
Auce  may  be  aeen  in  the  open  space  between  the  ring  and  the 
planet.  It  has  been  affirmed  olao,  that  a  momentary  reappearance 
of  a  etar,  in  the  apace  which  intervenes)  between  the  rings,  haa  been 
witDeaied.  This  observation  tloes  not,  however,  aeem  to  have  been 
repeated^  notwithatanding  the  recent  improvements  in  the  teleiicopei 
and  the  increased  number  of  observers.  The  paaaage  of  the 
planet,  in  a  favourable  pha^e  of  the  ring,  through  the  neighbour^ 
hood  of  the  milky  way,  which  is  so  thickly  strewed  with  stars, 
would  flfJbrd  an  opportunity  of  testing  this,  and  might  al&o  supply 
decisive  evidence,  positive  or  negative,  upon  the  question  of  the 
existence  of  more  than  two  concentric  rings.  If  other  black  streaks 
aeen  upon  the  surface  of  the  ring  be,  like  the  principal  one,  real 
openings  between  a  multiple  system  of  rings,  the  stars  sprinkled 
in  such  countless  numbers  over  the  regions  of  the  galaxy,  and  the 
adjacent  parts  of  the  firmament,  would  be  aeen  to  flash  between 
ring  and  ring,  as  the  planet  passes  before  theniL.  Such  observations, 
however,  would  require  in  the  telescope  the  very  highest  attainable 
degree  of  optical  perfection. 
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CHAPTER  XYJIL 


I.  COMBTiET  ORBira. 

^54.  FrescliDiice  of  tbe  asi^onomer.^ —  For  the  civil  and  poli- 
tical historian  the  paiit  alone  hna  t^xiHtence  — tb«  pieseut  he  rarvly 
apprehendu;  the  ftitiire  never.  To  the  historian  of  tcience  it  is 
permitted,  however,  to  penetrate  the  depths  of  puAt  amd  future  with 
equal  clearness  and  ceitjiinty :  facte  to  come  are  to  him  ha  present 
and  not  unfrequently  mure  assured  than  ffu^ta  which  are  pa^ecL 
Although  tliii  clear  perception  of  causes  and  c^nseqiieDcea  clia- 
racteriaea  the  whole  domain  of  phyaical  science,  and  clothefi  the 
natural  pbiloBopher  with  powers  denied  to  the  political  and  moral 
inquirer,  yet  foreknowledge  is  eminently  the  privilege  of  the 
astronomer.  Nature  has  raised  the  curtain  of  futurity,  and  dift* 
played  before  him  the  succession  of  her  decrees,  so  far  as  they  afi'ect 
the  phyaical  universe,  for  countless  agua  to  come ;  and  tlie  revel»« 
tions  of  which  she  liaa  made  hini  the  inatrument,  are  supported  and 
Terified  by  a  never-ceasing  train  of  predictions  foltilled.  He 
**«howa  ua  the  things  which  will  be  hereafter,''  not  obscurely 
shadowed  out  in  figures  and  in  parables,  as  miiAt  neceasitrily  be  the 
case  with  other  revelations,  but  attended  v.nth  the  moat  minute 
precision  of  time,  place,  and  circimiatance.  He  converts  the  hours 
as  they  roll  iut^i  an  ever-present  miracle,  in  attestation  of  those 
laws  which  hia  Creator  through  him  has  unfolded ;  the  sun  cannot 
rise — the  moon  cannot  wane — a  star  cannot  twinkle  in  the  tir^ 
mament,  without  bearing  witness  to  the  truth  of  his  prophetic 
feoords.  It  has  pleased  the  "  Lord  and  Governor  "  of  the  world, 
in  Hia  inacmtfible  wisdom,  to  baffle  our  inquiries  into  the  nature 
and  proximate  cause  of  that  wonderful  faculty  of  intellect  —  that 
image  of  hia  own  esaence  which  he  has  conferred  upon  us ;  nay, 
the  springa  and  wheelwork  of  animal  and  vegetable  vitality,  are 
coueealed  from  our  view  by  an  impeoetraWe  veil,  and  the  pride  of 
philosophy  ia  humbled  by  the  spectacle  of  the  phyaiologiat  bending 
in  fniitlesa  ardour  over  the  dissection  of  the  human  brain,  and 
peering  in  equally  unproductive  inquiry  over  the  gambola  of  an 
animalcule.  But  how  nobly  is  the  darkneaa  which  envelopes 
metaphysical  inquiries  oonipenaated  by  the  fiood  of  light  which  is 
shed  upon  the  physical  creation  !  7%cre  all  is  harmony,  and  order, 
and  majesty^  and  beauty,    From  the  diaua  of  social  and  political 
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phenomena  exhibited  in  humati  records— phenomena  uncnmiected 
to  our  imperfect  viaion  by  anj  diftcovemble  law,  a  war  of  paadcou 
and  prejudicea,  governed  by  no  apparent  purpose,  tendiuy  to  no 
appareot  end,  and  setting  ail  intelligiblo  order  at  defiance — how 
soothing'  and  yet  how  elevating  it  is  to  turn  to  the  splendid 
apectade  which  offers  it^lf  to  the  habitual  contemplation  of  the 
astronomer  I  How  favourable  to  the  development  of  all  the  best 
and  highest  feelings  of  the  soul  are  such  objects  t  the  only  passion 
they  inspire  bein^  the  love  of  truth,  and  the  chief  est  pleaiiure  of 
their  votaries  arising  from  excursions  through  the  imposing  scenery 
of  the  universe — acenery  on  a  scale  of  grandeur  and  magnilicence 
compared  with  which  whatever  we  are  accuatomed  to  cidl  sub- 
limity on  our  planet  dwindles  into  ridiculous  insignificancy.  Most 
justly  has  it  been  said,  that  nature  haa  implanted  in  onr  boeoms  a 
craving  after  the  discovery  of  tnith,  and  assuredly  that  glorioua 
instinct  is  never  more  irreaUtibly  awakened  than  when  our  notice 
is  directed  to  what  is  going  on  in  the  heavens.  "  Quoniam  eadem 
Natura  cnpiditatem  ingenuit  hominibua  veri  inveniendi,  qtiod 
facillime  apparet,  cum  vacui  curis,  etiura  quid  in  coelo  fiat,  b^luiq 
avemu*;  hiji  initiis  inducti  omnia  vera  diUjtnmus;  id  est,  fidelia, 
aimplicin,  constjiotia  ;  turn  vana,  falaa,  fallpntia  t-Klimua,"  * 

^^^,  S^UilD-flif  lUnatrated  hy  eonaetary  ^tmc^T^ry- — Such 
reflections  are  awakened  by  every  branch  of  the  science  which  now 
engages  us,  but  by  none  so  strongly  as  by  the  history  of  cometary 
discovery.  No  where  can  be  found  so  man'ellous  a  series  of  phe- 
nomena foretold.  The  interval  between  the  prediction  and  ito  ful- 
filment has  sometimes  exceeded  the  limits  of  human  life,  and  one 
generation  has  bequeathed  its  predictions  to  another,  which  baa 
been  ^led  with  astonishment  and  admiration  at  witnessing  their 
Uteral  accomplishment, 

1^0,  Iffottoii  of  comets  explalaea  by  ffravltatloB.  —  In  the 
vaat  foamework  of  the  thei^ry  of  gravitation  constructed  by  Newton, 
places  wwepwrnded  for  the  arrangement  and  exposition  not  only  of 
all  the  astronomical  phenomena  which  the  observation  of  all  pre- 
ceding generations  had  auppHpd .  but  also  for  a  far  greater  mass  which 
the  more  fertile  and  active  reBcarch  of  the  generations  which  suc- 
ceeded him  have  fumished.  By  this  theor}',  as  we  have  seen*  all 
the  known  planetary  motions  were  explained,  and  planets  previously 
unseen  were  felt  by  their  effects,  their  places  ascertained,  and  the 
telescope  of  the  observer  guided  to  them. 

But  transcendently  the  greatest  triumph  of  this  celebrated  theory 
was  the  exposition  it  supplied  of  the  physical  laws  which  govern  the 
motions  of  comets  as  diistinguiahed  from  thoB«  which  prevail  among 
the  planets. 

*  Cicero :  De  FmHnu  Bonornm  tt  Mahnan,  IL  14. 
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557.  Condltloiu  lmito»»d  on  Uie  orbits  of  1>odl«a  wtiloli 
subject  to  tbe  attractton  of  vraTttatlaB.  —  It  ia  proved  in  the 
prr»positiona  demoDiitrated  in  the  iiret  book  of  Newton's  PrincipiA, 
which  propofiitiona  form  in  8ubst4mce  the  ground-work  of  the  entire 
theory  of  gravitation,  that  a  hody  which  ia  under  the  influence  of  a 
centml  force,  the  inteoBity  of  which  decrensea  as  the  equnje  of  the 
diHtance  increaees,  muat  move  in  one  or  other  of  the  curves  knoi 
to  geometers ae  the  "come  SEcnoNS,"  being;^  those  which  are  fi 
by  the  intereectioo  of  the  surface  of  a  cone  by  a  plane,  and  that  the^ 
centre  of  attraction  must  be  in  the  focus  of  the  curve ;  and  in  order 

to  prove  that  such  curves  are 
coDipatible  with  no  other  law 
of  attraction,  and  may  therefore 
he  taken  aa  conclusive  evidence 
of  the  existence  of  this  law,  it 
is  further  demonstrated  that 
whenever  a  body  is  observed 
to  move  round  a  centre  of  At- 
traction in  any  one  of  these 
curvea,  that  centre  being  ita 
focus,  the  law  of  the  attraction 
will  be  that  of  gravitation ;  that 
i»  to  HaVj  ita  intensity  will  vaiy 
in  the  inverse  proportion  of  the 
square  of  the  distance  of  the 
moving  body  from  the  centre  of 
force. 

Subject  to  these  limitationBi 
however,  a  body  may  moTO 
round  the  Bim  in  any  orbit^  at 
any  distance,  in  any  plane,  and 
in  any  direction  whatever.  It 
may  describe  an  ellipse  of  any 
excentricity,  from  a  perfect 
circle  to  the  moat  elongated 
oval.  This  ellipse  may  be  in 
any  pl4|»e,  from  that  of  the 
ecliptic  to  one  at  right  angles 
to  it,  and  the  body  may  move 
in  such  ellipaea  either  in  the 
same  direction  as  the  ewtii  or 
t,g  oj  in  the  contrary  direction.    Or 

the  body  thua  subject  to  solar 
Attraction  may  move  in  a  parabola  with  its  point  of  perihelion  at 
any  distance  whatever  from  the  sun^  either  grazing  ita  very  surface 
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or  Bweeping  beyond  the  orbit  of  Neptune,  or,  it  may  sweep  ruimd 
the  aim  in  ao  hyperbola,  entoring  and  leaving  the  Bjatem  in  two 
divergent  directions. 

To  render  these  explanations,  which  are  of  the  gjeateat  interfwit 
«iid  importance  in  relatjou  to  tho  aubjett  of  comets^  more  clearly 
understood,  we  have  represented  in  Jiff.  93,  the  forms  of  a  very  ex- 
i-entric  ellipse,  a  b  a'  !/ftL  paiahola  a  p  p\  and  an  hyperbola  a  h  h\ 
hiiving  s  as  their  common  focua,  and  it  will  be  convenient  to  ex- 
plain in  the  first  institnce  the  relative  magnitude  of  some  imp-ortant 
lines  and  distances  connected  with  these  orbite. 

5^8.  £iliptic  «7tftlts«— KUipsea  or  ovaLi  vary  without  limit, 
in  their  excentricity.  A  circle  is  reganled  as  an  ellipse  whosj* 
excentricity  ia  nothing.  The  orhits  of  the  planeta  generally  are 
lUipaea,  but  having  excentricitiofl  bo  Bmall  that,  if  descrihud  on  a 
large  acale  in  their  proper  proportions  oa  paper,  they  would  he 
distinguishable  from  circlea  only  by  meaauring  aceumt*ly  the  di- 
meneiona  taken  in  dillerent  directions,  and  thus  asceiiAining  that 
they  are  longer  in  a  certain  direction  than  in  imother  at  right 
anglea  to  it  A  very  excenfcric  and  oblong  ellipse  ia  delineated  in 
Ji4]l.  93,  of  which  a  o'  is  the  major  axi».  The  focus  being  «,  the 
periiielion  distance  ib  »a,  and  the  aphelion  diatance  is  »  a\  the 
mean  distance  a  being  a  c,  or  half  the  major  axis. 

If  a  body  move  in  a  veiy  excentric  ellipse;  such  aa  that  repreaentcKl 
mjig,  93,  whose  plane  coincidea  exactly  or  nearly  with  the  common 
plfuie  of  the  plant^tary  orbits,  it  may  intersect  the  orbits  of  several 
or  all  of  the  planete,  as  it  is  represented  to  do  in  the  figure,  although 
its  mean  distance  from  the  sim  may  be  leiis  than  the  moan  distance 
of  several  of  those  which  it  thus  intersects.  The  aphelion  diatAnce 
of  fluch  a  body  may,  therefore,  greatly  exceed  that  of  tmy  planet; 
whde  its  mean  dist^mce  may  be  lesji  than  that  of  the  more  distant 
planets, 

559.  ParaboMo  orblu.— The  form  of  a  piiTabolic  orbit  having 
the  same  perihtflion  distance  aa  the  elliptic  orbit  ia  represented  at 
a  p  p\  m^.  95.  This  orbit  consists  of  two  indefinite  branches, 
aimil&r  in  form,  which  imite  at  perihelion  a.  Uepartdng  from  this 
point  on  opposite  aides  of  the  axia  a  a\  their  curvature  regularly 
and  rapidly  dt^erease^i  being  equal  at  equal  distances  from  peri- 
ht'Uori.  The  two  branches  have  a  constant  tendency  to  assume  the 
direction  and  form  of  two  straight  lines  paiallel  to  the  axis  a  o'. 
To  actual  paraUeliifm,  and  still  less  to  convergence,  these  branches, 
however,  never  attiun,  and  consequently  th©^  can  never  reunite. 
They  extend,  like  parullel  straight  lines,  to  an  uuliuiited  diatairce 
without  over  reuniting,  hut  assuming  directions  when  the  distance 
from  the  focua  bears  a  high  ratio  to  the  perihelion  distance,  which 
are  practically  undiatinguisbahle  from  pai-dlelinn. 
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One  parabolic  orbit  differs  fipom  another  in  ita  peribelion  dUtAiic^. 
The  lehH  this  di^stftnce  t*,  the  less  will  he  the  aeparaticm  At  »  girea 
ditftance  from  *  between  tb<i  parallel  directions  to  which  the  inde- 
finite hrancbe*  p  p'  tend.  This  distnnce  maj  have  any  mit^itude. 
The  body  in  its  periheliiiQ  iniiy  graze  the  surface  of  the  sun,  or 
may  fom  at  a  distance  from  it  greater  than  that  of  the  most  remote 
of  tbo  plttnet«i  &o  that,  althoug^b  it  1>0  subject  to  solar  attraction,  it 
would  in  that  caae  never  enter  within  the  limits  of  the  Bolar  vyBtem 
St  ftil. 

A  body  raoTing  in  iuch  an  orbit,  therefore^  would  not  make,  like 
one  which  moves  in  an  ellipse,  a  succession  of  revolutions  round  the 
sun ;  nor  can  the  tc-mi  periodic  time  be  applied  at  all  to  ltd  motion. 
It  entera  the  system  in  some  definite  diretctiou,  such  as  p'p,  ad  indi- 
cated by  the  arrow,  frrjni  an  iudefinitc  diBtimt.e,  Arriving  within  the 
aeoaible  influence  of  golar  jCjavitation,  the  efiects  of  this  attraction 
are  mAiiifogted  in  the  curvation  of  ite  path,  which  gradually  increnaes 
as  it0  distance  from  the  sun  decreases,  until  it  amvefl  at  perilieUon, 
where  the  attractive  force,  and  consequently  the  ciir\'atuje,  attain 
their  uiascima.  The  extreme  velocity  which  the  hcwiy  attains  at 
this  point  produces,  in  virtue  of  the  inertia  of  the  raovinfr  ma«St  a 
centrifugal  force,  which  counteracts  the  gravitation^  and  the  body, 
after  passing  perihelion,  beg^ina  to  retroDt;  the  solar  gravitation 
aud  the  curvature  of  it^  path  decreafiing  together,  tmtil  it  issuea 
from  the  system  in  a  direction  p  p",  as  indicated  by  the  amjws^ 
which  is  nearly  a  stnd^lit  line,  and  parallel  to  tLat  in  which  j^J 
entered.  Li  auch  an  orbit  a  body  therefore  visits  the  eyetem  ImI^I 
once.  It  enters  in  a  Cfjrtain  direction  from  An  indefinite  distane^^^ 
and*  pacing  through  its  perihelion*  iaauei*  in  a  parallel  directioji, 
pag-Hitig  to  an  unlimited  distance,  never  to  return. 

560.  Byperbollo  orbltti. — This  cla59  nf  orhifa,  like  the  para- 
boliia^  contiiat  of  two  indefinite  branche,'?,  which  unite  at  perihelion, 
which  at  equal  distances  from  perihelion  have  equal  curvatiirej?,  and 
which,  as  the  distance  firom  perihelion  increases,  approiich  inde- 
fuiitely  in  direction  and  form  to  ."straight  lines,  bat,  unlike  the 
parabolic  orbits,  the  straight  lines  to  whose  direction  the  two 
branches  approximate  are  divergent  and  not  parallel 

Such  an  orbit  having  the  aame  periheKon  diatazice  as  the  ellipae 
and  parabola,  ia  represented  1)y  o  A  A'. 

In  the^»  93,  the  orbits  circular,  elliptic,  parabolic,  and  hyper- 
bolic, are  necessarily  represented  a^  bein;j;  all  in  the  same  plane.  It 
must,  however,  be  understood,  that,  so  far  as  any  conditions  are 
impoaed  upon  them  by  the  law  of  gravitation,  they  may  eeyerally 
be  in  any  plimea  whatever,  inclined  each  to  the  other  at  any 
-an^ee  whatever  from  o"  to  90°,  with  their  mutual  intersectioua 
or  lines  <xf  nodes  in  auy  directiona  whatever^  and  that  the  bodies 
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zhbv  move  in  the&e  several  orbitft,  in  any  dlrectioDa,  Low  o^poied 
Boover  to  ouch  other. 

561.  Plaaet*  observe  Iti  tbelr  motions  order  not  ezaot«<t 

l>y  the  law  of  ^raTltatloo.^Whea  the  tlmory  of  ^iiivitntioii 
W)is  first  propoimded  by  its  illustriLma  author,  do  other  bodies,  aave 
the  planets  and  satellites  then  discovered,  wore  ItMown  to  move 
iukWi'  tli«  iiiHuence  of  such  a  ceutrul  alirnction.  These  bodies, 
however,  supplied  do  ex&mple  of  the  play  of  that  celebrated  theoiy 
in  its*  full  Ifttitiide.  They  obeyed,  it  L*  triifi-,  its  laws,  but  they  did 
much  more.  Thfy  displayed  a  degree  of  hftrmony  and  order  far 
exceeding  what  the  law  of  gTavitation  exacted.  Permitted  by  that 
law  to  move  in  any  of  the  three  cliis«ses  of  conie  sections,  their  paths 
were  exclusively  elliptical;  pemiitted  to  move  in  ellipses  in- 
linitt>ly  vanous  in  their  exrentricitief^,  tbey  moved  exclusively  in  sueh 
»s  dirtered  nlmnst  inHensibly  from  cirt?le?* ;  permitted  to  move  at 
dittancee  Hubniviinated  to  no  regidar  law,  they  niovn'd  in  a  series  of 
orbits  at  dist^inri^s  inrrwa«intr  in  a  retmlnr  proojea^irHH  pennitt^Kl  to 
move  at  all  conceivable  angles  witli  the  plane  of  th»-  eeliptie,  their 
patha  are  im  lined  to  it  at  ang-les  limited  in  freucral  to  a  few  de;jree8  ; 
permitted,  in  fine,  to  move  in  either  direction,  they  all  agreetl  in 
moving'  in  the  dii-ection  in  which  the  earth  moves  in  its  annual 
course. 

Accordance  so  wonderful  and  order  so  admirable,  conld  not  be 
fortuitotLs  and,  not  beiup  enjoined  by  the  conditions  of  the  law 
of  gravitfttion,  mtiBt  either  be  ascribed  to  the  immediate  dictates  of 
the  Omnipotent  Architect  of  the  universe  above  all  general  laws,  or 
to  Bome  general  laws  superinduced  upon  gravitation,  which  had  ea^ 
caped  the  B«gaeity  of  the  discoverer  of  that  principle.  If  the  former 
supposition  were  adopted,  mma  bodies,  different  in  their  physical 
chnraeters  from  the  planetiS,  primary  and  secondaiT^  and  playing 
different  pftTt8  and  fulfilling  different  functions  in  the  economy  of  the 
universe,  mi^^ht  stiJl  be  found,  which  Avould  illustrate  the  play  of 
gravitation  in  ita  full  latitude,  pwi^oping  round  the  sun  in  all  forma 
of  orbit  excentric,  parabolic,  nnd  hypeTbolic,  in  all  planes,  at  all 
diatancea,  and  indifferently  in  both  directions.  If  the  latter  aup- 
position  were  accept^'d,  then  no  other  orbit,  save  ellipaes  of  small 
excentricity,  with  planea  coinciding  nearly  with  that  of  the  ecliptio 
would  be  phygically  possible. 

562.  Comet*  oltAerre  no  sucli  order  Id  tbelr  motion ■. — 
The  theory  of  gravitation  Inid  not  lon;^  been  promulgated,  nor  aa 
yet  been  generally  accepted,  when  the  means  of  it'^  further  verifica- 
tion were  sought  in  the  motion  of  comets.  Hitherto  these  bodies 
had  been  regarded  aa  exceptional  and  abnonnal,  and  aa  being 
exempt  altogether  from  the  operation  of  the  law  and  order  which 
prevailed  in  a  manner  so  striding  among  the  members  of  the  aolftf 
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nystem.  So  little  atteation  had  been  given  to  cometu  that  it  had 
not  been  certaialj  aacertained  whether  they  were  to  be  clflssed  hm 
meteoric  or  coamical  phenomena ;  whether  their  theatre  waa  tbo 
regioii't  of  tba  atmosphere,  or  the  vast  spaces  in  which  the  grettt 
biHlies  of  the  imiverse  move.  Their  apparent  positions  in  ^o 
heavena  on  varioua  oc^'asions  of  the  appearances  of  the  moet 
conapieuoua  of  them  had  nevertheless  been  from  time  to  time  for 
scmie  centuries  ohaerved  and  recorded  with  sueh  a  degree  of  precLdon 
aa  the  existLDg  state  of  astronomical  science  permitted  ;  and  even. 
when  their  places  were  not  aatroiiomicallj  urKertained,  the  date  of 
their  appearance  was  generally  preserved  in  the  historic  recorda, 
and  in  maoy  cases  the  cunskdlations  through  which  they  passed 
were  indicated,  so  that  the  means  of  ohtainingat  leuat  a  rude  approx- 
imation to  their  position  in  the  lirniaraent  were  thua  supplied. 

^63.  Xtiej-  move  In  conic  aeottonSf  wltli  tbo  sun  for  Cl>e 
focus.  —  HiK-h  ohiiervatioiii?,  vu^g^uo,  s<^jitter*td,  and  inex«A!t  t^  they 
were,  supplied,  however,  data  by  which,  in  Bcveral  ca^es,  it 
waa  poasible  to  compute  the  real  motioa  of  these  bodies  through 
space,  their  positions  in  relation  to  the  sun,  the  earth,  and 
the  planetSj  and  the  paths  they  followed  in  moving  through  the 
system,  with  Hiifficieutly  approximate  aeeuracy  to  conclude  with 
certaioty  that  they  were  one  or  otlier  of  the  conic  aections,  the 
place  of  the  sun  being  the  focua. 

This  was  auihcieDt  to  bring  these  bodies  under  the  gtioeral 
operation  of  the  attraction  of  gravitation. 

It  still  remaiLied,  howevt^r,  to  determine  more  exactly  the  specific 
character  of  these  orbiti.  Are  they  ellipses  more  or  less  excentric? 
or  parabolas  ?  or  hyperholaa  ?  —  Any  of  the  three  classes  of  orbita 
would,  a«  has  been  shown,  he  equally  compatible  with  the  law  of 
gravitation. 

564.  DUBoulty  of  ascertaining-  In  what  species  of  eonto 
seotlon  a  comet  ^otos. —  It  might  be  Hiippocsed  that  the  same 
course  of  ubi?ervrttion  ns  that  by  which  the  orbit  of  a  planet  is 
traced  would  be  applicable  e(i\itd\y  to  comets.  Many  circumstances, 
however,  attend  this  latter  class  of  bodies,  which  render  such 
obaervattons  impossible,  and  comj^el  the  astronomer  to  resort  to 
other  means  to  determine  their  orbits. 

A  spectator  stationed  upon  the  earth  keeps  within  his  view 
each  of  the  other  planets  of  the  system  throughout  nearly  the 
whole  of  its  course.  Indeed,  there  is  no  part  of  the  orbit  of  any 
plsnet  at  which,  at  aornc  tiine  <tr  oUter^  it  may  not  bo  seen  from 
the  earth.  Every  point  of  the  path  of  e«ch  planet  can  therefore 
he  obeerved ;  and,  although  without  waiting  for  such  obser^atioTi, 
its  course  might  bo  determined,  yet  it  is  materiid  here  to  attend 
to  the  fsict|  that  the  whole  orbit  may  be  submitted  to  direct  obser- 
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Tiit^on.  The  different  planets,  also,  present  pcwiilJar  foattirea  hy 
which  each  may  be  dislinpniiahed.  Thus,  as  has  been  explained, 
they  are  observed  to  be  apherical  bodies  of  Tarious  magnitudps* 
Their  surfaces  are  marked  by  peculiar  niodea  of  light  aud  shjui»?., 
which,  although  yamble  and  Bhiftlng^,  still,  io  each  ca&Bf  possess 
some  prevailinfT  and  permjineot  chamctera  by  which  the  identity  of 
the  object  nmy  bo  estAblishcd,  even  were  there  no  other  meana  of 
detemiiningr  it 

Unlike  planets,  comets  do  not  present  to  us  thoge  individual 
characters  above-mentioned,  by  which  tbcir  identity  may  he 
detemiined.  None  of  tbein  have  been  flatisfactorily  ascertained  to 
be  spherical  bodiesj  nor  indeed  to  have  any  definite  shapf^.  It  in 
certain  that  many  of  thorn  possess  no  solid  miitt^rj  but  are  masses 
coosLsting  of  some  nearly  transparent  substances ;  others  are  so 
surrounded  with  this  appai^ntly  vaporous  matter,  that  it  is  impos- 
sible, by  any  means  of  observation  which  we  possess,  to  diacovt^r 
whether  this  vapour  enshrouds  within  it  any  solid  ma?s.  The 
same  vapour  which  thus  euvehipes  the  body  (if  such  there  be 
within  it)  also  conceals  from  its  its  features  and  individual  character. 
Even  the  limits  of  the  vapour  itself,  if  vnpour  it  be,  are  subject  to 
gi^at  change  in  each  individual  comet.  Within  a  few  days  they 
are  sometimes  observed  to  increase  or  diminish  some  hundred- foki. 
A  comet  appearing  at  distant  intervals  presents,  therefore,  no  very 
obvious  means  of  recognition,  A  like  extent  of  surroundiajy^ 
vapour  would  evidently  he  a  faUible  test  of  identity  ;  and  not  le*s 
iuconcluaive  would  it  be  to  infer  diversity  from  a  ditferent  exteut 
of  nehulosity. 

If  a  comet,  like  a  planet,  revolved  round  the  sim  in  an  orbit 
nearly  circular,  it  might  be  seen  in  every  part  of  its  path,  and  its 
identity  might  thua  he  established  independently  of  any  peculiar 
eharacters  in  its  appearance.  But  such  is  not  the  course  which 
cometa  are  obsened  to  take. 

In  general  a  comet  is  vL&ible  only  throughout  an  arc  of  its  orhtt, 
which  extends  to  a  certain  limited  distJiuce  on  each  side  of  its 
perihelion.  It  first  becomes  apparent  at  some  point  of  its  path, 
such  as  fff  ff'j  or  ff",Ji^-  95  ;  it  approaches  the  aun  and  disiuppears 
after  it  passes  a  corresponding  point  (7,  /,  or  /',  in  departing  from 
the  sun.  The  arc  of  its  orhit  in  which  alone  it  is  visible  would 
therefore  be  ^  a  ff,  g*  n  ^K,  or  g"*  a  g". 

If  this  arc,  extending  on  either  side  of  perihelion,  could  always 
be  observed  with  the  same  precision  as  are  the  pl&netarj'  orbits,  it 
would  be  possible,  hy  the  properties  of  the  conic  sections,  to  deter- 
mine not  only  the  general  character  of  the  orbit,  whether  it  he  an 
ellipse,  or  parahola,  or  an  hyperbola,  but  even  t<j  ascertain  tlie 
individual  curve  of  the  one  kind  or  the  other  io  which  the  comet 
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moves,  ao  that  the  course  it  followed  before  it  bccftmo  visible, 
well  as  that  which  it  pursuea  after  it  ceases  to  be  visible,  would  Iw 
M  certfflijily  and  precisely  known  as  if  it  could  be  traced  by  direct 
observation  throughout  its  entire  nibit. 

565.  Myperliollo  and  pambolic  C(»iaetfl  not  periodic  — If 
it  bo  ftacertaiued  that  the?  arc  in  which  the  comet  movej*  while  it 
is  visible  ia  part  of  an  hyperbola,  auch  ^t8  ff  a  p,  it  will  be  inferred 
that  the  comet  coming  firom  8i>me  indefinitely  distant  regioA  of  the 
universe^  hna  entered  the  eyst-em  in  a  certain  directionj  A'  A,  whirh 
can  he  inferred  from  the  vi&ible  arc  *;  a  fff  and  that  it  must  depart 
ttj  another  indefinitt^ly  diKtant  regrion  of  the  univerue  following  the 
direction  h  h%  which  ia  itlno  ascertained  from  the  visible  arc  //  a  (/. 

If,  on  the  other  hand,  it  be  ascertained  that  the  visible  arc,  feuch 
as  y  (I  g\  be  part  of  a  parftbola^  then,  in  like  manner  by  the  pro- 
perties of  that  ciine,  it  will  follow  timt  it  entered  the  system 
comiiig  from  an  indefinit*'lj  distant  rejrion  of  the  universe  in  a 
certain  direction,  p'  ;>,  which  c4iti  be  infeiTed  from  the  visible  aro 
^  n^t  and  that  after  it  ceiises  to  be  viuihle,  it  will  issue  from  the 
system  in  another  determinate  directioo, /j/?',  parallel  to  that  by 
which  it  entered. 

The  comet,  in  neither  of  theao  cmt%^  would  have  a  peri<idic 
character.  It  would  ho  analogous  to  on©  of  those  ciccii&ioniil 
meteora  which  are  seen  to  ehoot  across  the  firnianient  never  again 
to  reappear.  The  body,  arriving  from  some  distmit  region,  and 
coming,  as  would  appear,  forcuitoucly  within  the  sfilar  iittraction, 
ia  drawn  from  its  course  into  the  hyperbolic  or  parabolic  path,  which 
it  in  «©Bii  to  pursue,  and  escapes  from  the  aolar  attraction,  issuing^ 
from  the  system  never  la  return.  The  phflnomenon  would  in  each 
cajie  be  occasional,  and;  in  a  certain  sense,  accidental,  and  the  body 
could  not  be  said  properly  to  belong  to  the  system.  So  far  a«  re- 
hites  to  the  comet  ilwlf,  the  phenomenon  would  consist  in  achanjtr* 
of  the  direction  of  its  cottrse  through  the  UTii\'er8e3,  operated  by 
the  temporary  action  of  solar  gravitation  upon  it. 

^66.  Elliptic  cpimeta  periodic  like  tbe  planets.  —  But  the 
case  is  very  dilTerent^  thu  \iv  Ix-tween  the  comet  and  the  system 
much  more  iotiumtc,  and  the  interest  and  phy.-iical  importance  of 
tlie  body  transcend ently  greater  when  the  arc,  sucli  as  </'  a  ^", 
provea  to  be  part  of  an  ellipse.  In  that  case,  the  invisible  part  of 
the  orbit  being  inferred  from  the  Ansihle,  the  major  axis  a  c'  would 
be  Imown.  The  eomet  would  possess  the  periodic  character, 
making  auccewiive  revolutions  like  the  phmet^j  and  returning  to 
perihelion  a  after  the  lapse  of  its  proper  periodic  time,  which  could 
be  inferred  by  the  harmonic  law*  from  the  magnitude  of  its  major 
Hxip. 
Such  a  body  will  then  not  be,  like  those  which  follow  hyperbolio 
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or  parabolic  pathB,  An  occaaiond  rieitor  to  the  gysteni,  connected 
With  it  hj  DO  permanent  relation,  and  subject  to  solar  gravitfttion 
only  accideGtally  mid  tempomrily.  It  VFOuld,  on  the  contrary,  be  oa 
permanent,  if  not  as  etrictly  regular,  a  member  of  the  system  na  any 
of  the  plttDtst^,  thouffh  invested,  aa  will  presently  appear,  with  an 
extremely  different  phy&icid  character. 

It  will  therefoi-e  be  easily  conceived  with  what  profound  interert 
tsometa  were  repfarded  before  the  theory  of  gravitatioD  bad  beim  yet 
finnly  established  or  genemlly  accepted,  and  whUe  it  waj*,  «*»  to 
speftk,  upon  iU  trial.  These  bodies  were,  in  hct,  looked  for  m  tb® 
witnesseB  whoa©  testimony  must  decide  its  fate. 

567.  miBcuItles  attendlor  tbe  analysU  of  eometarj- 
motions. — ^Difficultiea,  however^  which  aeenied  almost  insui'- 
moimtablp,  oppoeui'd  tbemaelvea  to  the  satisfactory  and  conclusive 
analyHJs  of  their  motions,  Slany  caugiei*  rendered  the  ohw^rvations 
iiiwa  their  apparent  plares  few  in  number  and  deficient  in  preci- 
sion. The  arc^  f/  n  ^^  tf  a  tf^  and  r/"  a  tj\  of  tho  three  classes  of 
orbit  in  any  of  which  they  might  move  without  any  riolation  of 
tiio  law  of  gravitation,  were  very  nearly  coincident  in  the  nei|jhboiir- 
hood  of  the  place  of  perihelion  «.  It  was,  for  example^  in  almost 
all  the  cases  which  presented  themselves,  possible  to  conceive  three 
different  curves,  an  excentric  ellipse,  auch  n»  ab  a*  l/^h  parabola, 
sui'h  Q&  p'  p  a,  and  an  hvperbola,  such  aa  h'  h  a^BO  relat-ed  that  t.h« 
arcs  g  a  (j^  g'  a  g\  and  g^'  a  g",  wuidd  not  dcrviate  one  from  another 
tn  on  extent  exceed ing*  the  errors  inevitable  in  cometary  observationa. 
Thiw  any  one  of  the  three  curves  within  the  limits  of  the  visible 
path  of  the  comet  mipht  with  eqiml  fidflity  represent  its  courpe. 
In  such  cnse<»,  therefor*^,  it  vrvts  impossible  to  infer,  from  the  observa- 
tions alone,  whether  the  comet  belonired  to  the  class  of  hyperbojic- 
or  parabolic  bodiesj  which  have  no  periodic  character,  or  to  the 
elliptic,  which  lias, 

568,  Verf oOioitj  alone  proves  tlte  elliptic  i^liaracter.  —  Tho 
charact/cr  of  penodifity  itself,  which  belonga  exclusively  to  elliptic 
orbits,  suppliedl  the  means  of  surmounting  thia  diffimlty.  If  any 
observed  comet  have  an  elliptic  motion^  it  must  return  to  perihelion 
nft«T  completing  its  Tevolution,  and  it  mnst  have  been  visible  on 
former  returns  to  that  position.  Not  only  nu«rht  it  to  be  expected, 
therefore,  that  such  a  eomet  would  re-appear  in  future  after 
nbsenj['ea  of  equal  dlumtion  (depending  on  its  periotlir  time),  but 
that  its  previous  returns  to  perihelion  would  be  found  by  aearch- 
ing  among  the  recorded  appearances  of  such  objects  for  any,  the 
dates  of  whose  appearance  mip^ht  correspond  with  the  supposed 
period,  and  whose  apparent  motions,  if  obsen'ed,  might  indicate  a 
real  motion  in  an  orbit^  identical  or  nearly  so  with  that  of  the  comet 
in  question. 
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If  tho  motion  of  such  a  bodr  were  not  affected  by  any  other  fofre 
except  the  aokr  attraction,  it  would  re*ftpp**Rr  after  each  aucceastTe 
revolution  at  exactlj  the  same  point ;  would  follow,  while  visible^ 
exactly  the  eanie  are  /'  a  ^* ;  would  move  in  tho  aame  plane^  in- 
cHned  at  the  same  angle  to  the  ecliptic,  tho  nodea  retaininfr  the  sanie 
pldcee  \  and  would  arrive  at  it»  perihelion  at  exactly  the  same  point 
«,  and  after  exactly  equal  interrala. 

Now,  although  the  diiiturbin|or  Hftions  of  the  planeta  near  which 
it  might  p*8ft»  in  departing  from  and  retumiog  to  the  sun,  miLst  be 
expected  to  be  much  more  considerable  than  when  one  plmaet  acta 
upon  another^  as  well  because  of  the  extreme  comparative  ligbtneM 
of  the  comet,  as  of  the  great  excentricity  of  its  orbit,  which  some- 
times actxially  or  nearly  intereects  the  patUa  of  BevemJ  planets,  and 
especially  those  of  the  larger  onea,  yet  still  «uch  planetary  attrat-- 
tions  are  on/y  disturbances,  and  cannot  be  supposed  to  efface  that 
chamcter  which  the  orbit  reet^ives  from  the  predominant  force  of  the 
immense  niJi^s  of  the  sun.  ^Vhile  tbereforo  we  maybe  prepared  for 
the  poasibility,  and  even  the  pnibnbility,  that  the  aame  periodic 
comet  on  the  occaaion  of  its  Buccessive  itj-appoaraocea,  may  follow  a 
path^'  «5^'  in  passing  to  and  itmn  \\%  perihelion,  differing  to  some 
extent  from  that  which  it  had  followed  on  previous.  appearanceS|  yet 
in  the  main  such  difli^rences  cannot,  except  in  rare  and  excepiional 
cases,  be  very  constdcrable,  and  for  the  aame  reason  the  intervals  be- 
tween  its  succeMrivc  peritxia*  though  they  may  diflor,  cannot  be  sub- 
ject to  any  very  great  varintion. 

569.  Pertodlelty,  combined  «itli  tbe  Identity  of  tbe  |>atb« 
wblle  Tlalble,  estat>lislie«  Identity.  —  If  then,  on  exiunin'mg  the 
various  comet*  who.^e  appeHuranres  liave  been  recorded,  and  whose 
places  while  vi&ihle  have  been  ob*erved,and  on  computing  from  tb© 
apparent  places  the  arc  of  the  orbit  through  which  they  moved,  it 
be  found  that  two  or  more  of  them,  while  visible,  moved  in  the  ^me 
path,  the  presumptiou  wiU  be  tliat  these  were  the  same  body  re -ap- 
pearing after  having  completed  it»  motion  in  an  tilliptic  orbit;  nor 
should  this  presumption  of  identity  be  hastily  rejected  bwAUse  of 
the  existence  of  any  discrepancies  between  the  observed  paths,  or 
any  inequality  of  the  intervals  between  its  successive  TG-appear- 
ances,  so  long  as  such  discrepanriea  can  fairly  be  aacribed  to  the 
possible  diflturhances  produced  by  planets  which  the  comet  might 
have  encountered  in  its  path. 

570.  Many  oometa  recorded — few  obserred. — Many  comets, 
however,  have  been  tecordkd^  but  tiot  obiervecL  Historians  have 
mentioned,  and  even  described,  their  appearances,  and  in  some 
cases  have  indicated  the  chief  constellations  through  which  such 
bodies  passed,  although  no  observations  of  thtib  apparent  places 
have  been  transmitted  by  which  any  close  approximation  to  their 
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actual  paths  coiild  be  made.  Nevertheless,  even  in  these  cases, 
Mmw  clue  to  their  idtmtificiition  is  supplie<I.  The  intervals  be- 
tween their  ftppearnnccs  nlone  h  a  highly  prohftble  teat  of  itiontity. 
Thu6  if  comets  were  rei^ularly  recorded  to  have  appeared  at  in- 
tervala  of  fifty  yeATS  (no  circiimataiice  aSbrding'  evidence  of  the 
diversity  of  th«v««e  objeRta),  they  mi^ht  bo  assiimed,  with  a  high 
dt»}^e  of  probability,  to  be  the  successive  retuma  of  an  elliptic 
comet  having  that  interval  m  its  period. 

571.  Claaatfloatlon  «r  Ui«  cometary  orbits. —  The  appear- 
ancea  of  about  400  comets  had  been  recorded  in  the  annals  of 
various  countries  before  the  end  of  the  seventeenth  centurVj  the 
epoch  signalised  by  the  disc/jveriea  and  reaearches  of  Newton-  In 
iiitkBt  cases,  however,  the  only  circvimBtancei  recorded  was  the  ap- 
pearance of  the  object,  accompanied  in  many  instances  with  details 
bearing  evident  marks  of  exagrgeratinn  pe^*^pecti^g  its  magnitude, 
firm,  and  splendour.  In  some  fow  cases,  the  constellations 
through  which  the  object  passed  Riccesaively,  with  tlie  necessary 
dates,  are  mentioned,  and  in  some,  fewer  still,  observations  of  ii 
rough  kind  have  been  handed  down.  From  such  scanty  data, 
eagerly  sought  for  in  the  works  preserved  in  different  countries, 
mot©  especially  from  astronomical  records  preserved  in  China  from 
the  6illie«t  ages,  sutficicnt  materials  hare  been  collected  for  the 
computation^  with  more  or  less  approximation,  fjf  the  elements  of 
the  orbits  of  about  sixty  of  the  400  comets  above  mentioned. 

Since  the  time  of  Newton,  Halley,  and  their  contemporaries, 
observers  have  heen  more  acrtive,  and  have  bad  the  command  of 
instruments  of  considerable  and  constantly  increasing  power ;  fti 
that  every  comet  which  has  been  visible  from  the  northern  hemi- 
sphere of  the  earth  sincfi  that  time,  hpks  been  observed  with  con- 
tin  iially  increasing  precision,  and  data  have  been  in  all  caspi* 
obtained,  by  which  the  elementaof  the  orbits  have  been  calculated. 
Since  the  year  1 7  00,  accordingly,  more  than  160  have  been 
ohservedf  the  elements  of  the  orbits  of  which  have  been  ascer- 
tained with  great  precision. 

It  appears,  therefore,  thot  of  the  entire  number  of  comets  which 
Imve  appeared  in  the  firmament,  the  orbits  of  upwards  of  220  have 
been  computed.  Of  this  number  about  forty  have  been  asner- 
tained,  some  conclusively,  others  with  more  or  less  probability,  to 
revolve  in  elliptic  orbits. 

Several  have  passed  through  th©  ay  stem  in  hvperbolas,  and 
conse^juently  will  not  vij^it  it  opain,  onlesa  they  bo  thrown  into 
other  orbits  by  some  disturbing  force. 

The  remainder,  and  by  far  the  greatest  number,  have  passed 
through  the  system  either  in  parabolic  orbitSp  or  in  ellipses  of  such 
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extreme  excentricity  as  to  be  undiatingukhable  from  porubolm  by 
tLuj  (lata  supplied  by  tbo  obsenatiooa. 

II,  Ellipxic  Comets  aETOLvixa  wiTmx  the  oebit  of 

SATCBIf. 

572.  Buckets  oomet.  —  In  1818,  a  comet  was  obserred 
Mareeillea*  on  the  26tli  of  November,  by  M,  Votn.  In  the  foUow- 
ing  JaQuiuy,  its  patli  beinfr  culciilatcd,  M.  Arago  immediately 
recognised  it  as  identical  with  onn  which  had  ttppejurod  in  i  805. 
Subfiequeiitly,  M.  Eacke  of  Berlin  euccoeded  in  calculatiiig  ita 
entire  orbit  —  inferring  the  invisible  frc»ra  tli&  vkibl«  part  —  and 
found  that  its  period  wiia  about  twelve  hundred  days.  This  cal- 
cuLition  wfts  verified  by  the  livct  of  its  return  in  1 822,  since  which 
time  the  comet  has  g-irae  by  the  name  of  Enckrs  cormif  and  re- 
turned rn*rnlarly. 

It  Tnay  be  asked,  How  it  cotdd  have  happened  that  a  comet 
which  made  il&j  revululiou  ic  n  peri^jd  eo  ahnrt  aa  three  years  and 
11  qiuirtJ^r,  should  not  have  hpen  objjf  rvod  until  40  recent  an  epoch 
liA  1818?  This  is  cxplaiawl  by  the  fact  thsit  the  eoniet  ia  bo  small, 
and  it?  light  so  feeble  even  whtm  m  the  most  favoin-nble  positioi], 
tliat  it  oau  only  he  seen  with  the  aid  of  the  telescope^  and  not 
even  with  this,  except  under  certain  conditions  which  rune  not  ftil- 
hUed  on  the  occaaion  of  every  perihelion  paasape.  NevertheloM, 
the  comet  was  observed  on  three  former  oeeiisiona,  and  the  geneml 
elements  of  its  path  rerorded,  although  its  ellipse,  and  oonae- 
qnenlly  periodic  charax'ttr,  wan  not  recognised. 

On  comparinif,  however,  the  elements  then  observed  with  thn#e 
of  the  comet  now  n5certained,  no  donbt  can  be  entertained  of  their 
identity. 

It  appears^  that,  excepting  the  oval  form  of  the  orbit,  the  motion 
I  •  of  thia  body  diflers  in  nothing  from  that  of  a  planet  whow)  mvan 

I  distance  from  the  sun  ia  that  of  the  nearest  of  the  planetoids.     Its 

I  eiceutrieily  \a  sueb,  howevt^r,  that  when  in  perihelion  it  is  within 

I  the  orbit  nf  Mercury,  and  when  in  aphelion  it  ia  outside  the  toost 

I  distant  of  the  plauet^iida,  and  at  a  distance  from  the  sun  equal  to 

I  ton  r-  ti  ft  h  9  of  that  of  J  u  p  iter. 

I  573.  Indloatloss  of  tbe  elTecta  of  a  reslstlair  mcdlnia.— A 

I  fiict  altogother  anomnious  in  the  motioni*  of  the  bodiori  of  the  solar 

I  system,  and  indicating  a  consequencti  of  the  highesst  phyaical  im- 

I  portance,  ha^i  hueu  diH<.dosed  in  the  observation  of  the  motion  of 

I  thb  comet     It  h/is  been  tnund  that  its  periiL«lic  time,  and  conse- 

A  quently  its  mean  distance,  imderjjoes  a  slow,  grsidnjd^  and  ap* 

H  parenUy  regular  decretise.     The  decrease  is  small,  but  not  at  »dl 

^^  uncertain.      It   amonuted   to  about  a  day  in  t«n  revohttions,  a 

^^^^K       quantity  which  could  not  by  any  means  be  placed  to  the  accotmt 
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either  of  errors  of  observfltion  or  of  calculRtion  ;  and,  besides,  this 
increase  is  inresAAnt,  whereas  eircira  would  ulTcct  the  result  some- 
timea  one  wiiy  and  sometimes  the  other,  The  period  of  th«  cornet 
between  1786  luid  1795  ^"^  l2o8^  days;  betweon  1795  and 
1 805  it  was  1  207-^  days  j  between  I  805  and  1819  it  \\m  t  207 yV 
days;  and  betwt5en  1 845  and  1 8 5 5,  it  had  decretifred  to  1 205^  duva- 

The  magnitude  of  the  orbit  thus  constantly  deereaeiiigr  (for  the 
rube  of  its  pre?ater  axis  must  decrease!  in  tlie  same  proportion  as 
the  w[uare  of  the  period),  the  actual  path  frtlli»wed  by  the  comet 
must  be  a  8firt  of  elliptic  spiral,  the  eucresdive  coils  of  which  aro 
very  close  together,  every  sucfteswivo  revolution  brining  the  comet 
nearer  and  nearer  U)  the  buu. 

Such  tt  motion  cfiuld  not  arise  from  the  disturbing  action  of  the 
phmeta.  These  fnrcea  hft\  e  been  taken  strictly  into  m!count  in  the 
romputation  of  the  ephemeridea  of  tho  comet,  and  there  ia  still 
found  thia  residual  phenomenon,  which  cioiiiot  he  pla^-ed  to  their 
account,  but  which  is  exactly  the  elTect  wluch  would  arise  from 
any  physical  agency  by  which  the  tangential  motion  of  the  comet 
would  he  feebly  but  constantly  reaiated.  Such  an  a;^cacy,  by 
diminishing  the  tangentiid  velocity,  would  |rive  increased  elficacy 
to  the  solar  attraction,  and  cougequentlvT  incrt^aaed  curvature  to 
the  comet's  path;  so  that,  after  each  revolution,  it  would  revolve 
&t  a  lesa  di&tance  from  the  centre  of  Altriiction, 

574.  THe  lumlBireroiu  etb«r  would  produce  suoti  an  effect. 
—  It  is  evident  that  a  resisting  niediutn,  auth  na,  the  luniiniferoua 
ether  (0.  216)  is  assumed  to  be  in  the  hypothoBis  which  forms  the 
bists  of  the  undulatory  theory  of  light,  would  produce  jnat  such  a 
phenemenon,  and,  accordingly  the  motion  of  thid  comet  is  re- 
garded as  a  strong  evidence  tending  to  convert  that  hj'pothetieid 
fluid  into  a  real  physical  agent 

It  nnnains  to  be  st^en  whethera  like  phenomenon  will  be  dovelnped 
in  the  motion  of  other  periodic  cometis.  The  dii»covery  of  these 
bodies,  and  the  observation  nf  tlieir  motions*  are  as  yet  too  recent  to 
enAbie  aata^inomers,  nnt^ithatanding  their  gi-eatly  multiplied  num- 
her,  to  pronounce  dwiwively  upon  it. 

575.  Comets  would  ultimately  fall  toto  the  sun. — If  the 
existence  of  this  re^igting  medium  shotdd  be  estahliihed  by  ita 
observe*!  eflects  on  cornets  in  genend,  it  will  follow  thjtt,  after  the 
lapse  uf  a  certain  time  (many  agps,  it  is  true,  but  still  a  definite 
intertill),  the  comets  will  be  successively  absorbed  by  the  sun,  unb.^aa, 
as  is  n<it  improbable,  they  should  )>e  previously  vapirised  by  llieir 
near  approach  to  the  solar  fires,  and  should  thus  be  incoi^rated 
iftnth  his  atmosphere." 

*  In  the  efforts  by  which  Ibe  human  mind  labours  after  truth,  it  i* 
eunouB  10  observe  liaw  oft«n  tbai  tlesired  object  is  stumbled  upon  by  acci* 
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576.  "Wliy  like  eSects  itre  not  loanlfested  in  th«  mottoo 
of  the  planets.  —  It  may  be  rukedt  If  the  existtnre  of  &  reaiBtiiig 
iiietluira  be  admitted,  whether  the  mme  ultimmte  fate  nmst  not 
await  tbe  planets?  To  this  inquiiy  it  may  be  answered  that, 
within  tbe  limits  of  past  astronomical  record,  the  ethereal  medium* 
if  it  i?xiat,  has  had  no  sensible  effect  on  tbe  motion  of  nny  planet. 
Thiit  it  might  have  r  perceptible  efleet  upon  comets^  and  vf^t  not 
uiwn  planets,  will  not  b©  surprising,  if  the  extreme  lightneas  of 
the  comets  compared  vritb  tbeir  bulk  be  considered-  The  eflfect 
in  the  two  cftses  may  be  compared  to  that  of  the  fttmosphere 
ii]>an  a  piece  of  swan's-down  taid  upon  a  leaden  bullet  moving 
throufirh  it.  It  is  certain  that  whatever  may  be  the  nature  of 
this  resisting-  medium,  it  will  not,  for  many  hundred  years  to  comep 
produce  the  sdightest  perceptible  effect  upon  the  motions  of  the 
planetA. 

^77.  Corrected  esttmate  of  tHe  mass  of  Mercury.  —  The 
masses  of  comets  in  general  are,  as  will  be  explained,  incomparably 
smaller  than  those  of  the  smallest  of  the  planets;  so  mueh  so,  indeed, 
as  to  bear  no  appreciable  ratio  to  them.  A  consequence  of  this  ia, 
that  while  tbe  efl'ecta  of  their  attractioi]  Tipon  the  planets  are 
alt4igether  iiistenaible,  tbe  disturbing  effectfl  of  the  masAes  of  the 
planets  upon  them  are  very  considerable.  These  disturhiinceai,  being 
proportional  to  the  disturbing  TOa«we«,  mny  then  be  used  m  measures 
of  the  latter,  just  as  the  movement  of  the  pith-ball  in  tlie  balance  of 
torsion  supplies  a  measure  of  the  physical  forces  to  which  that  in- 
strument is  applied. 

Encke'e  comet  near  its  perihelion  passes  near  the  orbit  of  Mer- 

donti  (IT  arrived  at  by  reAsoning  which  ia  fntse.  One  of  N«wtoii*s  con- 
Joctiirat  respecting  comets  was,  that  they  arc  **  the  Aliment  by  which  snni 
are  anttained^"  nndl  he  therefore  irmicludcd  thnt  iLeAe  bodies  were  in  a  state 
of  progresgive  decline  upno  the  suns  round  which  they  rospectively  swept;* 
and  that  into  tliewe  sim^  they  from  time  to  time  fell.  Thin  opinion  appears 
to  have  been  ch«rishe<l  by  Newton  to  the  Jaiost  hours  of  hiH  life;  he  not 
ouily  consigTied  it  to  hia  immartal  writinpa;  but,  at  the  ag«  of  eighty-three.* 
conversation  took  place  between  titm  and  hia  nephew  on  thi«  subject,  which 
b«*  come  tkvwn  to  ua.  "  I  cannot  any,"  snid  Newtoo,  "  when  the  comet  of 
1680  will  fflll  into  the  sun  :  poMJbly  after  five  or  nix  revolutions ;  but  when 
ever  that  liroe  eball  arrive,  the  heat  of  the  ?un  will  be  raised  by  it  to  such  a 
point,  that  our  ^lobe  will  he  burnt,  and  all  the  animala  upon  it  will  perish. 
Tha  new  atara  obaerred  by  Hipparthu.t,  Tycho,  an<l  Kepler,  must  have  pro- 
ceeded from  anch  a  eauae.  for  it  ia  impiMsihle  otherwise  to  explain  their 
sudden  pplendouT."  His  nephew  then  asked  him,  •'  Why,  when  he  stated  m 
hi"?  writings  that  comets  would  fait  into  the  aun,  did  he  not  also  fitale  thoae 
vaat  fires  they  must  pro<luce,  aa  he  Buppoaed  they  had  done  in  the  stars?" 
—  "  Because,"  replied  the  old  man,  "the  contlagnition*  of  the  sun  coocem 
MS  a  little  more  directly.  I  bare  said,  kowever,"  added  he,  smiling,  *"  enough 
to  cxtAblc  the  world  to  cotkct  mj  opinion.** 
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cury ;  and  when  that  plimet  Ht  the  epoch  of  its  perihelion  happens 
hi  be  near  the  same  puint^  a  considerahle  and  mcaeuryable  diatiirb- 
HHce  is  nianifeated  in  tho  conuet^j*  mtttion^  which  being-  observed 
&iipplies  a  nmasure  of  the  plaDet'g  mn&a. 

'Vhia  coDibination  of  the  motions  of  the  planet  and  comet  took 
pUiee  under  very  favourable  circunistflxu'e.-^,  on  the  occasion  of  the 
perihelion  pnssa^  of  the  comet  in  I  838,  the  reaiilt  of  wbichj,  accord- 
ing to  tUt'  cailuulatioajs  of  l^^fesair  Eacke,  wiia  the  diat^overy  of  an 
eiTor  of  hirp^e  amount  in  the  previoua  estiniatea  of  the  masa  of  thti 
pinnet.  After  making  every  aOowance  for  ftther  planetary  attract- 
tions,  and  for  the  etferte  of  the  resifltlng  medium,  the  existence  of 
whieh  it  appeoTB  neceaajiry  to  admit,  it  was  inferred  that  the  mass 
iwaigned  to  Mercury  by  Laplace  waa  too  great  in  tho  proportion  of 
1 2  to  7. 

This  qnestion  is  still  under  examination,  and  every  succeeding 
peribeliuD  passage  of  the  comet  will  increase  the  data  by  which  its 
more  exact  ftolution,  may  be  accowpliehed, 

578.  BleWi  eom«t. —  On  the  zSlh  of  February,  1 8z6,  >LBiela, 
an  AuBtrian  officer,  observed  in  Bohemia  a  comet,  which  was  aeen  at 
Marseilles  at  al^wjut  the  «anie  time  by  M.  Garahart*  The  path 
which  it  pursued,  waa  observed  to  be  similar  to  that  of  comets 
which  had  appeared  in  1772  and  1806.  Finelly,  it  wna  found 
that  this  body  moved  round  the  sun  in  an  oval  orbit,  and  that 
the  time  of  its  re  volution  waa  about  6  years  and  8  months.  It  ha.-* 
since  returned  at  its  predicted  times,  and  hae  been  adopted  as  a 
member  of  our  system,  luider  the  name  of  Biela'^a  comet 

Biela'fl  comet  moves  in  an  orbit  whose  plane  is  inclined  at  a  small 
anjiflo  to  thoae  of  the  planets.  It  h  but  slijjhtly  oval,  the  length 
being  to  the  breadth  in  the  propurtioa  of  about  four  to  thr**e. 
When  neareet  to  the  Bun,  its  distance  ia  a  little  leas  than  that  of  the 
Mrth ;  and  when  most  remote  from  the  »un«  ita  distance  somewhat 
exceeds  that  of  Jupiter.  Thus  it  mng^ts  through  the  solar  system, 
between  the  orbits  of  Jupit<?r  and  the  ejirth. 

Thia  comet  way  observed  in  1772  and  1806,  but  the  elliptic 
form  of  ita  orbit  was  not  dii*covered  at  that  epoch.  From  the  ob- 
servations made  in  t$z6,  the  ellipticily  of  the  orbit  was  determined, 
and  its  retm-n  to  prihelion  in  1832  successfully  predicted.  Owing 
to  the  extreme  faintnesB  and  unfavourable  ptiaition  of  the  comet  in 
1858,  it  escaped  obBervation  ;  but  in  184.6  and  1852  ita  return 
waa  observed  by  several  aatrononiers.  However,  on  ita  arrival  at 
perihelion  in  May,  iSjg,  the  comet  waa  ao  completely  loit  in  tlitj 
rays  of  the  sun,  that  astronomera  who  had  the  asaifctance  of  the 
most  powerful  telescopea,  were  unable  to  disct^ver  it^  notwithstandinijr 
three  separate  computers  had  calculated  ephemeridea  of  ita  position 
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in  the  heavens,  whicli  agreed  fiiifficiently  well  with  each  other  to 
wwTant  tlu^ir  ntioption  in  the  84^jii'{  h  for  the  ci»nnit. 

579.  JFosftibillty  or  the  colUslon  of  Bi«lA*s  com«t  vltli  tbe 
omrtli. — One  of  the  pointa  ot  which  the  orbit  of  Biela's  comet 
iJiteraectd  the  plane  of  the  et*liptic,  is  at  a  diatanco  frfim  the  eartli's 
orbit  less  thiin  the  sum  of  the  &emi-diftnieters  of  tht'  rarth  and  the 
comet.  It  foUowSt  therefore  (496)  that  if  the  comet  should  arri\-* 
at  this  point  at  the  same  moment  at  which  the  earth  jiRsees  through 
the  point  of  it«  orbit  which  is  nearest  to  it,  a  portion  of  the  globe 
cif  the  e^irtli  niiwt  penetrnta  the  comet 

It  was  estimated  nu  the  ocedsion  of  the  peTihpHon  passnjje  of  thi# 
comet  in  1832,  that  the  seiui-dkmeter  of  the  comet  (that  bfHlv 
being  nearly  globular,  and  hftving-  no  pert'eptihle  tail)  was  21,000 
niilea,  while  the  distance  of  the  pciint  at  wliich  its  eentru  pas^td 
through  the  plane  of  the  ecliptic,  on  the  29th  of  October  in  thnt 
vear,  from  the  path  of  the  earth,  was  only  18,600  miles.  If  the 
centre  of  the  earth  iiftppened  to  have  heeii  at  the  point  of  its  arbtt 
neareet  to  the  centre  of  the  comet  on  that  dny,  the  distance  bt»tween 
the  centres  of  the  two  b<Miie«  would  hare  been  oid?  18,600  miles, 
while  the  semi-diameter  of  the  comet  was  2 1 ,000  miles ;  and  th*» 
g«mi-diaraeter  of  the  earth  being:  in  round  numbers  4000  miles,  it 
would  follow  that  in  f^uch  a  continijencj  the  earth  would  hare 
plunped  into  the  comet  to  a  depth  of  6400  niiloa,  a  depth  exceeding 
thn?e-foiirth«  of  the  earth's  diameter. 

The  possibility  of  such  a  catastrophe  haviug  l>een  nimoured* 
groat  popidfir  alarm  was  excited  befort"  the  expcctod  return  of  the 
oomet  in  1832*  It  was,  howei-er,  shown  that  on  the  29th  of 
OctolR^T,  the  eartli  would  he  about  fne  millions  of  nules  from  the 
point  of  dnnper,  and  that  on  the  arrival  of  the  earth  at  that  point 
the  comet  w->uld  have  nuived  to  a  still  pi't^aTer  diManee. 

580.  ILeaolutlon  of  Biela's  comet  tnto  two* — One  of  the 
most  extraordinary  phenouuma  of  which  liie  history  of  astroiioniy' 
att'orda  any  example,  attended  the  appearance  of  this  comet  in  1 846. 
It  waa  on  that  occasion  seen  t*  resolve  itat^lf  into  two  distinct 
coraetSj  which,  frtjm  the  latter  end  of  December,  l  845,  to  the  epoch 
of  ita  disanjveiu'ance  iu  April,  1 846,  moved  in  diritinct  arid  inde- 
pendent orbits.  The  paths  of  these  two  bodies  were  in  euch  optical 
jiutapositioa  that  lx>th  were  always  seen  together  in  the  fi^^Id  of 
view  of  the  teleecope,  and  the  greatest  visiial  angle  between  their 
centres  did  not  amount  at  any  time  to  10',  the  variation  of  that 
Angle  ariainjB:  principally  from  the  change  of  dii^ction  of  the  visual 
lioe,  relatively  to  the  line  joining  their  centres,  and  to  the  change 
of  the  comet*8  distance  frc^m  the  earth. 

M.  PlantJimour,  director  of  the  Observatory  of  Geneva,  cal- 
culated the  orbits  of  these  two  cometa,  considered  ad  indepeudent 
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and  found  tlmt  the  real  distance  between  their  centres 
wa^,  auhjeet  to  but  little  Vfiriation  while  vit^ible,  about  tbirty- 
rine  aenii-diauietors  of  the  earth,  or  two-thirds  of  the  moan's 
diertanc*.  The  comeia  moved  ou  thus,  side  hj  aide,  without 
manifestin)^  any  reciprocal  diiaturbing  action  j  &  circiimsitaiice  no 
way  aurpriiiiDg,  couaidering  the  iotinitely  minute  inaaaea  of  suck 
bodies. 

581.  CbBJop^B  of  appearance  attending  tbe  saparatton. — 
The  orijjinal  comet  waa  appareatly  a  globidar  ihoaw  of  nebulous 
iTiatter,  semi-trani^parent  at  its  very  centre,  no  appearanpe  of  u  tail 
beiuj^  diBcoverable.  After  the  aeparationj,  both  ctmieta  had  Bh(trt 
tail-i",  parallel  in  their  direction,  and  at  right  au^rlea  to  the  line 
joiniDg  their  centres-;  In^th  had  nuclei.  From  the  day  of  thetr 
Npamtiou  the  original  comet  decn^aRed,  and  the  companion  in- 
creaaed  in  brightness  until  (on  the  10th  of  February)  they  were 
sensibly  equal.  After  this  the  companion  still  increased  in  briifht- 
uera,  and  from  the  l^th  to  the  l6th  was  not  only  |i:reatly  aupericf 
in  brightness  U^  the  original,  btit  had  a  slmqi  luid  starlike  nucleus 
compared  to  a  diamond  spark.  The  chang-e  of  brig-htuyaa  was  now 
reversed,  the  original  comet  recoverinf?  it*  sup+^rioritVi  and  acquir- 
ing on  the  1 8th  the  same  appearance  as  the  companion  had  from 
the  14th  to  tlie  1 6th.  After  this  the  companion  iprradually  faded 
away,  and  disappear^nd  previousl^f  to  the  final  diaappeanmee  of  the 
orifjp^nal  comet  on  the  22nd  of  ApriL 

It  was  observed  also  that  a  thin  luminnufi  hne  or  arc  was  thrown 
acrosa  the  space  which  separated  the  centres  of  the  two  nuclei, 
especially  when  one  or  the  f>th*^r  had  attained  its  preate^t  bright- 
neae,  the  arc  appearing  to  emanate  from  that  which  for  the  mo- 
ment was  the  brighter. 

jVfter  the  disappearance  of  the  companion,  the  original  comet 
threw  out  three  faint  tnilf?^  forming  angles  of  120°  with  each 
other,  one  of  which  was  directed  to  the  place  which  hail  been 
occupied  by  the  companii^n. 

It  is  suape^'ted  that  the  faint  comet  which  was  obserred  by 
Professor  Secchi  to  precede  Biela'a  comet  in  1852,  may  have  been 
the  companion  thus  sepamted  from  it*  and  if  so,  the  separation 
must  be  permanent,  the  distance  between  the  parts  being  greater 
than  that  which  separates  the  earth  from  the  ami, 

582.  Payo'»  comot.  ^  On  the  22nd  of  November,  1843,  M. 
Faye,  at  that  time  assistant -astronomer  at  the  Paris  Observatory, 
discovered  a  comet,  the  path  of  which  soon  apptum^d  to  be  in- 
compntible  with  the  parabolic  character.  Ur,  Goldschmidt,  of 
Gottingen,  showed  that  it  moved  in  an  ellipse  of  very  limited 
dimensions,  with  a  period  of  7^  years.  It  was  mmiediati^ly 
observed  as  being  extraordinary,  that,  notwithstanding  the  fre- 
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queiit  returns  to  perihelion  wliich  audi  a  period  would 
it«  previous  «ppearitiiLes  hitd  not  been  recordud.  M.  Fuye 
plied  by  showing  thut  the  apholion  of  the  orbit  passed  very 
to  the  path  of  Jupittir,  and  ihat  it  was  poaaible  tliat  the  violent 
action  of  the  great  ma*3  of  that  planet,  in  such  claae  ppoxiuiily 
with  the  corupiimtively  lig^ht  miiaa  of  the  comet,  might  have 
thrown  the  latti-T  body  into  it«  prft^ut  orbit,  its  foniier  path  being 
either  n  parab<ila  or  tm  ellipse,  with  such  elements  as  to  prevent 
the  comet  from  coming  within  visible  distance.  M.  Faye  sup' 
ported  these  observations  by  reference  to  a  mcjre  ancient  comet, 
which  we  shall  presently  notice,  to  which  a  like  incident  w  sup- 
posed with  much  pr^^bability,  if  not  certiunty.  to  have  occurred. 

583.  &B«appear&noe  in  laso-x  calculated  by  HC*  1L«  Ver* 
rl«r.  —  The  obsenations  which  had  bwu  iiiadi;  iti  J  843,  at 
aeveral  observatories^  bat  more  e^peeitUly  those  made  by  M.  Smive 
at  Pulkowa,  who  continued  to  observe  the  eomet  lunnr  after  it  bad 
ceased  to  be  observed  elsewhere,  supplied  to  M.  Le  Verrier  the 
data  neoeisary  for  the  calculntion  of  its  motion  in  the  inten'al 
between  its  perihelion  in  1843,  and  ita  expected  re-appearance  in 
1850-1,  subject  to  the  disturbing  action  of  the  planets,  and  pre- 
dicted its  succeeding  perihelion  for  the  3rd  of  April,  1851. 

Aided  by  the  formulae  of  M.  Le  Vemer»  Lieutenant  Stratford 
calcnlated  a  provisional  ephenicris  in  1 8 50,  by  which  observers 
might  be  enabled  more  easily  to  detect  the  comet,  which  was  the 
more  necessary  as  the  object  is  extremely  faint  and  nniall^  and  not 
capable  of  being  seen  except  by  means  of  the  must  perfect  tele- 
scopes. By  means  of  this  ephemeris,  Pmfessor  Challis,  of  Ciun- 
bridge^  found  the  comet  on  the  night  of  the  28  th  of  November^ 
very  nearly  in  the  place  aaaigmed  to  it  in  tlte  tables.  Two  obser- 
vations only  were  then  made  upon  it,  which,  however,  were 
sufficient  to  enable  M.  I^e  Verrier  to  give  still  greater  precision  to 
hia  fommlie^  by  assigning  a  delinite  numerical  value  to  a  small 
*|uajQtity  which  before  was  left  indeterminate.  Lieutenant  Strat- 
ford, with  the  formula  thus  ctirrected,  calculated  a  more  extensive 
and  exact  ephemeris,  extending  to  the  last  day  of  March,  and 
published  it  in  January,  1851 ,  in  the  Naulical  -Vliiianac, 

The  comet,  though  extremely  faint  and  small,  and  consequeatiy 
difficult  of  observation,,  continued  to  be  obaened  by  Professor 
Challia  with  the  great  Northumberland  telciscope  at  Cambridge, 
and  by  M.  Stnive  at  Pidkowa,  and  it  was  found  to  move  in  exact 
accordance  with  the  predictions. 

Thid  comet  again  returned  according  to  prediction  in  &>eptember 
1858,  when  it  was  first  observed  at  Berlin  by  M,  Bruhus.  It  was 
extremely  faint  during  the  time  of  its  appearance. 

584.  Se  Vloo'a  comet. —  On  the  Z2ndof  August^  i844^M,  De 
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\'ico,  of  the  Roman  Observatory ♦  diacoTeied  a  comet  whoae  orbit 
wjifi  soon  afterw^ards  proved  hy  M,  Faye  to  be  aq  ellipse  of  motkrato 
exceutricity,  with  a  period  of  about  5^  yt^ara.  It  arrived  at  it» 
perilielioo  on  tlie  2iid  of  ^eptember^  and  coQiinned  to  be  obBerred 
until  th*!  yth  of  December, 

M.  Le  Vernier  has  made  some  computations,  which  render  it 
somewhat  probable  that  a  comet  which  paseed  its  perihelioD  in 
Au^st,  1678,  is  identical  with  that  disi?overed  by  M.  De  Vico. 

585.  Sroneni  comet^^OD  the  26th  of  February',  I  846,  M, 
Brorflen,  of  Kiel,  discovered  a  faint  comet,  which  was  soon  foimd 
to  move  in  an  elliptic  orbit,  with  a  period  of  about  5^  years.  lt» 
position  in  the  heaveoB  not  being  fftvourable,  the  observations  upon 
it  were  few,  and  the  resulting:  elemental  conaequentlvj  not  ascer- 
tained with  all  the  preciaion  that  might  be  desired,  It«  re-appear- 
ance on  ita  approach  to  the  succeeding  perihelion,  was  expected, 
from  8eptember  to  Noveinber,  1851.  It  eacJiped  observation, 
however,  owing  to  its  unfaTOiirable  position  in  relation  to  the  sun. 
Its  next  perihelion  paasa^e  touk  place  in  18^7,  when  it  waa  re- 
discovered at  Btiriin  by  M.  Bruhns  on  the  tSth  of  March.  Jt8 
period  of  reivolution  was  found  to  be  about  2026  days. 

586.  Com«ta  of  9*Amst  sad  ^RrinneolLc*—  On  the  27th  of 
June,  1851,  iJr.  D'Arrest,  of  the  Leipsic  Observ-ator}',  diacovered  a 
faint  cometf  which  M.  Villarceau  proved  to  move  in  an  elliptic 
orbit,  with  a  period  of  about  bj  years.  The  eucceeding  perihelioo 
paaaage  took  place  near  the  end  of  1 857,  when  it  was  diecoTered 
on  the  5th  of  December  at  the  Royal  Observatory,  Cape  of  Good 
Hope.  A  viduable  series  of  ohsen^ationa  extending  to  the  i8th 
of  January,  1 858,  were  made  at  that  observatory,  undex  the  direc- 
tion of  the  present  astronomer,  Sir  Thomas  Maclear. 

A  comet  discovered  on  the  8th  of  March,  1858,  at  Bonn,  by  Dr. 
Winnedte,  is  also  aiippoaed  to  be  one  of  those  whose  orbit  is  of 
short  period.  A  comparison  of  the  elements  with  those  of  a  comet 
obetirved  in  i  8 1 9,  seemed  to  indicate  that  the  two  cometa  were 
really  one  object,  whose  orbit  is  ellipticid  with  a  period  of  about  5^ 
years.  It  would  therefore  have  made  seven  revolutions  in  the 
interval  aince  its  first  apparition,  a  result  which  agrees  cloaely  with 
that  derived  from  theory.  It  can  scarcely  be  doubted,  therefore^ 
that  the  two  apparitions  refer  to  the  same  object 

587.  Blilptto  comet  ©f  X7%9»  —  A  reviaion  of  the  recorded 
obaervationa  of  former  comets  by  the  more  active  and  intelligent 
aeal  of  modern  mathematicians  and  computers,  has  led  to  the 
discovery  of  the  great  probability  of  eeveral  among  them  having 
revolved  in  elliptic  orbita,  with  periods  not  dilfering  considerably 
from  those  of  the  comets  above  mentioned.  The  fact  that  thcMe 
comets  have  not  been   re-observed   on  their  Buccessive  retnma 
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through  perihelion,  in»y  be  explaiued,  either  hy  the  dUBculty  of 
oba«n'iiig  tliem,  <>wing  to  their  unfavoiirftble  positionfi;  and  th* 
circumstance  of  obaen-ere  aot  ©xpectiag:  tbeir  re-Hppearaoco,  their 
periodic  character  not  being  then  suspect&d  ;  or  becaufle  they  may 
have  been  timiwo  by  the  diaturbiiig-  action  of  the  larger  ptjmetA 
into  ot'bita  such  as  to  Iceep  them  continually  out  of  the  rang«i  of 
Tiew  of  terrestrial  observera. 

Aniong^  thoftpi  may  be  mentioned  a  comet  which  appeared  in 
1743,  and  was  observed  by  Zanetti  at  Bolo^a  j  the  obflervationja 
indicate  an  elliptic  orbit,  with  a  period  of  about  5^  yeara. 

588.  Blllptl«  comet  of  17^4. —  This  comet;  which  was  ob- 
served hy  MeaaitT,  at  Paris,  and  by  La  Nux,  at  the  Isle  of  BourhoUt 
revolved,  according  to  the  c^kidntiona  of  Burckhardt,  in  an  ellipao 
with'  a  period  of  5  y<*ara. 

589.  IiereU'a  eontet. —  The  history  of  astronomy  has  record^ 
one  ain^ar  example  of  a  comet  which  appeared  in  the  eystem, 
made  two  revolutions  round  the  sim  in  an  ^liptic  orbit,  and  then 
diBappeared,  never  havinf^  been  seeti  either  before  or  since. 

This  comet  was  discovered  by  Messier,  ia  June  1 7  JO,  in  the 
conBteUation  of  Sagittarius,  between  the  head  and  the  northern 
ejctreniity  of  the  bow,  and  was  observed  during  that  month.  It 
didappeared  in  Jidy,  being  loat  in  the  sun'a  rays.  After  passing 
through  ita  perihelion,  it  re^appeared  about  the  4th  of  Auguat,  and 
tHiutinued  to  be  observed  until  the  tirst  days  of  October,  when  it 
finally  disappeared. 

All  the  attcniptfl  of  the  aatronomers  of  that  day  failed  to  deduce 
the  path  of  this  comet  from  the  ob«ervatione,  until  six  years  later, 
in  1 776,  Lexell  showed  that  the  ob9er\^ationa  were  explained,  not, 
m  had  been  assumed  previously,  by  a  parabolic  path,  hut  by  an 
ellipse,  and  one,  raorenveri  vritho^it  any  example  at  that  epoch, 
which  indicated  the  short  period  of  5^  years. 

It  was  immediately  objected  to  such  a  solution,  that  ita  admis- 
sion woidd  involve  the  consequence  that  the  comet,  with  a  period 
80  short,  and  a  magnitude  and  splendour  such  as  tt  exhibited  in 
1770,  must  have  been  frequently  seen  on  former  returas  to  perihe- 
lion ;  whereas  no  record  of  any  such  appearance  wim  found. 

To  this  Lexell  replied,  by  showing  that  the  elements  of  ita  orbit, 
derived  irom  the  observationa  made  in  1770,  were  such  that 
at  ita  previous  apheli'in,  in  1767,  the  comet  must  have  paaaetl 
within  a  distance  of  tho  planet  Jupiter  tifty-eight  timea  less  than 
ita  diatancje  {nrni  the  sud  ;  and  that  consecpiently  it  must  thon  have 
sustained  an  attraction  fmm  the  great  mass  of  that  planet,  more 
than  three  times  more  eaertretic  tlian  that  of  the  sun  ;  that  conw*-^ 
iquently  it  was  thrown  out  of  the  orbit  in  which  it  previously 
mored,  into  the  elliptic  orbit  in  which  it  actually  moved  in  1770 ; 
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that  its  orbit  previously  to  1 767  waa,  according  to  all  probftbilityj 
a  parabola ;  ajid,  fiDally,  tbat  consequently  moving  in  an  elliptic 
orbit  from  1  767  to  1770,  and  having  the  periodicity  consequent  on 
»ueh  motion,  it  nevortheles^i  niovetl  only  for  the  lirat  time  in  ita  new 
orbit,  Mid  bad  never  come  witbin  the  sphere  of  the  aim'a  attraction 
before  this  epoch. 

Lcxell  further  stated,  that  since  the  comet  piwsed  thratigh  ita 
apljylirm,  which  nearly  intersected  Jupiter' 9 orbit  at  interrala  of  aome- 
wliat  nbove  5^  years,  and  it  encountered  the  planet  near  that  point 
in  1767^  the  period  of  the  planet  being  somewhat  above  1 1  years, 
the  planet  after  a  single  revolution,  and  the  comet  after  two  revolu- 
tions, miiflt  neceesarily  agnin  encoiin  ter  each  other  in  1 779 ;  and,  that 
iince  the  orbit  waa  aiif^h  that  the  comet  must  in  1 779  paaa  at  a  di.^- 
tanoe  from  Jupiter  500  timea  leas  than  its  distance  ti^jm  the  sun,  it 
most  sulFer  from  thut  planet  an  action  250  times  cheater  than  the 
Biin*B  attraction,  and  that  therefore  it  would  in  all  prubability  be 
again  thrown  into  a  parabolic  or  hyperbolic  path ;  ami  if  so,  that  it 
would  depart  for  ever  from  our  Ryatem  to  visit  other  apborea  of  at- 
traction. Lexell^  therefore,  urtticipated  the  final  disappearance  6f 
the  comet,  which  actunlly  took  place. 

In  the  interval  between  1770  and  1 779,  the  comet  would  have 
returned  once  to  perihelion;  hut  ita  position  was  such  that  it  must 
have  been  above  the  horizon  only  during  the  day,  and  therefore 
could  not  in  the  actual  state  of  science  be  observed. 

590.  AMmly»i»  of  Xiaplace  appUed  to  lexell^B  €»ioiet* — At 
this  epoch,  fi;j3al>i.ical  alienee  had  not  yet  supplied  a  definite  solutitm 
of  the  problem  of  cometary  di^turbancea.  At  a  later  period  the 
question  waa  resumed  by  Laplace,  who  in  his  celebrated  work,  the 
Me&mique  dlute^  gave  the  general  solution  of  the  following 
problem. 

"  The  actual  orbit  of  n  comet  being  g'iven,  what  was  ita  orbit 
before,  and  what  will  be  its  orbit  after  beini?  submitt<<d  to  any  gfiven 
disturbing  action  of  a  planet  near  which  it  pus^ea?  " 

591.  Xt«  orbit  before  1767  and  after  1770  calculated  by  Ma 
forioiilnt.  —  Applying  this  to  the  piirticnhir  case  of  Lexell'a 
CO  met  f  and  assuming  aa  data  the  observations  recorded  in  1 770, 
Laplace  ehowed  that,  before  sustaining  the  disturbing  action  of 
Jupiter  in  1767,  the  comet  imiPt  have  moved  in  an  ellipse  of 
which  the  semi-axis  major  waa  13'293  and  conseqti+.nUly  that  its 
period  instead  of  being  5.^  years,  must  have  been  48^  years;  and 
that  the  excentricity  of  the  orbit  was  such,  that  ita  perihelion 
distance  would  be  but  little  leas  than  the  mean  distance  of 
Jupiter,  and  that  consequently  it  could  never  have  been  viable. 
It  followed  also  that,  after  suffering  the  disturbing  action  of 
Jupiter,  in  1 779,  the  comet  passed  into  an  elliptic  orbit  whose  semi- 
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axis  major  wiw  73,  that  ita  period  was  consequently  20  jt 
that  it«  exe«Dtricity  waa  such,  that  its  penhelioii  distance  -was  moni 
than  twice  the  dUtaoce  of  MArs^  and  that  in  such  an  orbit  it  could 
not  become  visible. 

592.  Bevlslon  of  tbese  re««arclk«ft  hy  M.  Z^  V«rrler. — 
Thia  investigation  haa  rec^eutly  bHL?en  revised  by  M.  Le  Verrier*, 
who  has  shown  that  the  obaervations  of  J  770  were  not  suf- 
tieientlj  definite  and  accurate  to  justify  conclusions  so  absol  ute.  He 
haa  ihown,  that  the  orbit  of  i  770  is  subject  to  an  uncertainly  f^m* 
prised  between  certain  deiiiiite  Limits;  that  tracing'  the  conaequesioes 
of  this  to  the  poaitiong  of  the  comet  in  1767  and  1779,  these  pnii- 
tions  are  subject  to  still  wider  limits  of  uncertainty.  Thus  he  ahowB 
that,  oompitibly  with  the  observationB  of  1 770,  the  comet  nught  in 
1779  pass  either  considerably  out«ide,  or  considerably  inside 
Jupiter's  orbit,  or  mi^bt,  as  it  was  supposed  to  have  done,  have 
paa»ed  actually  within  the  orbits  of  Ms  satellites.  He  deduce* 
tinall?  the  following  general  conclusions:  — 

1 ,  That  if  the  comet  had  passed  within  the  orbits  of  the  satellites, 
it  must  have  fallen  down  upon  the  planet  imd  coalesced  with  it ; 
an  incident  which  he  thinks  highly  improbable,  thoag^h  not  ^b* 
solutely  impossible. 

2,  The  action  of  Jupiter  may  have  thrown  the  comet  into  a  pam- 
bolic  or  hyperbolic  orbit,  in  which  case  it  must  have  departed  from 
our  system  altogether,  never  to  return,  except  by  the  a^inaequence 
of  some  disturbance  produced  in  another  sphere  of  attraction, 

3.  It  may  have  been  thrown  into  an  elliptic  orbit,  having  a  great 
axis  and  long  period,  and  m>  placed  and  formed  that  the  comet 
could  never  become  riaible ;  a  supposition  within  which  comes  the 
solution  of  Laplace. 

4.  It  may  have  had  merely  its  elliptic  elements  more  or  leas 
modified  by  the  action  of  the  planet,  without  losing  its  character  of 
short  perio<licity  j  a  result  which  M.  Le  Venier  thinks  the  most 
probable,  and  which  would  render  it  possible  that  this  comet  may 
htill  be  identified  with  wme  one  of  the  many  comets  of  short 
]M*riod,  which  the  activity  and  sajgacity  of  observers  are  continuaUy 
discovering. 

To  facilitate  such  Tesearches  M.  Le  Verrier  has  given  a  table, 
including  all  the  possible  systems  of  elliptic  elements  of  short 
period  which  the  comet  could  have  a^^sumed,  subject  to  the  dis- 
turbing action  of  Jupiter  in  1779,  and  taking  the  observations  of 
1770  within  their  possible  limits  of  error. 

He  finlher  demonstrates,  that  the  orbit  in  which  the  comet 
moved  antecedently  to  the  disturbing  action  of  Jupiter  upon  it  in 

*  See  Mimmrtt  d*  TAcadetmt  dt*  Scinets,  1847,  iS^ 


COJIETS,  351 

1767,  not  only  could  not  have  been  *  p&rabola  or  hj-perbola,  but 
must  have  been  an  ellipset  whose  major  axis  was  considerably  less 
than  tbftt  which  Ijiploce  deduced  from  theinsuffidentobservationaof 
Measier.  He  shows  that,  before  that  epoch,  the  perihelion  distance 
of  the  comet  could  not,  under  any  possible  supposition,  have  ex- 
ceeded three  times  tlie  earth's  mean  distance,  and  uaost  probably  was 
included  between  i^^  and  2  times  that  distance  ;  and  that  the  semi- 
axis  major  of  the  orbit  could  not  have  exceeded  4^  limes  the 
earth's  mean  distance,  a  magnitude  3  times  leas  thau  that  assigned 
to  it  by  the  calculatinns  of  LiipltirH, 

^93.  VroQieKB  tky  irliloli  the  l(teiitlilcB.tloD  of  periodic 
oomets  mar  !>«  decided.  —  It  muat  not,  however,  be  auppost'd 
that  it  is  suthcient  tn  compare  the  actuid  elenienta  of  each  periodic 
comet  thus  diacorered,  with  the  elements  given  in  the  table  of  M.  L« 
Verrier,  aad  to  infer  the  absence  of  identity  from  their  discordance. 
Such  an  inference  would  only  be  i-endenid  vtdid  by  showing  that  in 
past  agea,  the  comet  in  question  had  sufTered  no  serious  disturb- 
iug"  action  by  which  the  elenienta  of  its  orbit  could  be  considerably 
changed.  To  decide  the  question,  a  much  more  laborious  and  dif- 
ficult process  must  be  encountered  j  a  process  from  which  tht*  uu^ 
tiring  spirit  of  M,  Le  Verrier  haa  not  shnmk.  It  is  necessani',  in 
fine,  to  the  satiafactoiT  and  conclusive  solution  of  such  a  problem, 
that  the  periodic  comet  in  question  should  be  trjiced  back  through 
nil  its  previous  revoiutious  up  to  1779,  that  all  the  disturbances 
which  it  suffered  from  the  planets  wluch  it  encountered  in  that 
interval  he  calculated  and  ajacertuned,  and  that  by  such  meauA  the 
orbit  which  it  must  have  had  previous  to  such  dUturbances,  in 
J  779,  be  determined.  ?5uch  orbit  would  then  be  compared  with 
the  table  of  possible  orbits  of  LexelFs  comet,  as  given  by  M.  Le 
Verrier  j  and  if  it  were  found  to  be  identical  with  any  of  them,  tlie 
identity  of  the  comet  in  question  with  that  of  Lexell,  would  be  in- 
ferred with  the  highest  degree  of  probability ;  but  if,  on  the  other 
hand,  such  discrepancies  were  found  to  prevail  as  must  exceed  all 
euppoaable  errors  of  observation  or  calcuktion,  the  diversity  of  the 
cometa  would  follow, 

^94.  AppUeatloii  of  tblc  process  by  >C.  &«  V«rrier  to  tli« 
odin«ts  of  l*«y«f  So  Vlco,  mud  Srorson,  and  tba.t  of  3Loxel]i  — 
Tbelr  dlTersltr  prowod.  — M.  Le  Verrier  hfts  applied  these  prin- 
ciples to  the  cooiots  of  Faye,  De  A'ieo,  and  Bro^rsen  ;  tracing  back 
their  histories  during  their  unseen  motlona  for  three  quarters  of  a 
century,  and  ascertaining  the  ejects  of  the  disturbing  actions  which 
they  must  severally  have  Buatained  from  revolution  to  revolution, 
until  he  brought  them  to  the  epoch  of  1779.  On  comparing  the 
orbtta  thus  determined  with  those  of  the  table  of  possible  orbits  of 
Lezell'a  cornet^  he  has  shown  that  none  of  them  can  be  identical 
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with  it,  faoweTer  strongly  some  of  the  elementa  ot  their  present 
orbita  may  ntise  aueh  a  presumption. 

595.  aialikpaln's  comet  of  1819. —  M.  Blainpain  discovered  a 

comet  at  Marseilles  on  tlie  28th  of  November,  1819,  which  wm 
observed  nt  Milan  until  the  25th  of  JanuarVf  1 820.  The  obsenra- 
tiona  reduced  and  calfulnted  by  Professor  Encke  g-ave  an  elliptic 
orbit  with  a  period  a  little  short  of  5  years.  Clausen  conjectui'es 
that  this  comet  may  be  identical  with  that  of  1 743.  It  hns  not 
been  seen  since  1 82D, 

596.  Pons'  com«t  of  IdlS.— A  comet  was  discovered  by  M. 
Pons  on  tlie  12th  of  June,  1819,  which  wna  observed  until  the 
I  gih  of  July.  Professor  Encke  a&signed  to  it  an  elliptic  orbit)  with 
A  period  of  ^i  years, 

597.  Flffott's  comet  of  1TS9.  —  A  comet,  distjioTered  by 
Mr.  Pigott  at  New  Ytnk  in  1783,  waa  shown  by  Burckhimit  to 
have  an  elliptic  orbit,  with  a  period  of  5 A  yeart*, 

598.  Peters'  comst  of  le**,  — On  the  26th  of  June,  1846,  a 
comet  wixs  discovered  at  Naples  by  M.  Peters,  which  was  Biibsc- 
quently  observed  at  Rome  by  Ut?  Vico,  and  continued  to  be  seen 
until  the  z  let  of  July.  An  elliptic  orbit  is  asfiigned  to  tbia  cornet^ 
with  a  period  of  from  1 3  to  1 6  y^^ms ;  some  uncartalnty  is  attached, 
however;,  to  this  determination. 

III.    Elliptic  Comets,  whose   mean   ihstances   abe  K£Ablt 

EQUAL   TO   THAT   OV   VtUlSVS. 

599.  Comets  of  lonff  periods  first  reoeculsed  bm  periodic. — 

It  nii^ht  be  expected,  thatcometa  movingr  io  elliptic  orbit*  of  gmtdl 
dimenaions,  and  confl«?<juently  having  short  periods,  would  have 
been  the  firi^t  iu  which  the  character  of  periodicity  would  be  dia- 
corered.  The  comparutive  fn^quoncy  of  their  returns  to  tht^ae 
p03itions  near  perihelion,  where  alone  bodies  of  this  class  are 
visible  fir<*m  the  earth,  and  tlte  consequent  poasibility  of  verif\'ing 
the  fact  of  periodicity,  by  ascertaining  the  equality  of  the  in- 
tervidg  between  their  successive  retuma  to  the  same  heliocentric 
position,  to  say  nothing  of  the  imira  distinctly  elliptic  form  of  the 
arcs  of  their  orbits  in  which  they  can  be  immediately  observed, 
would  iifford  atrong  ground  for  such  an  expectation  ;  nevertheles« 
in  this  case,  aa  has  happened  in  ^0  many  others  in  the  progress  of 
phy&ical  knowledge,  tJie  actual  results  of  observation  and  research 
imve  been  direc%  contrary  to  «uch  an  anticipation;  the  most 
remarkable  case  of  a  comet  of  large  orbit,  long  period,  and  raro 
returns,  being  the  first,  and  those  of  small  orbiita,  abort  perio<ls, 
and  frequent  returns,  the  last  whose  periodic!^  has  been  dis* 
covered. 

600.  XTewton^s  eonjecttires  as  to  tlie  existence  of  comets 
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«tf  losr  periods.  =*  It  is  evident  that  the  Idea  of  tlie  possible 
t'xisteDce  of  comets  with  periods  8hort«r  than  those  of  the  more 
ivmote  plimetrt,  and  orbits  circumscribed  within  the  limitB  of  the 
solar  syateniy  never  occurred  t<:i  the  m'md  fitber  of  Newton  or  any 
of  hiu  con  tempo  ran  e.t  or  immediate  succeaaora. 

In  the  third  book  of  hi  a  pkeictpl\,  be  c«Ila  coraeta  a  species  of 
planets,  revolving  in  elliptic  orbits  of  a  xtyry  waI  fonii.  But  he 
oODtinuefl,  *'  I  leave  to  bo  determined  by  othera  the  transverse 
diameters  and  period?^  by  eompAring'  cometa  which  retum  (tfter 
lonff  inten>alg  of  time  to  the  same  orbits," 

It  ia  interesting  to  obaene  the  a\  id ity  with  which  minds  of  a 
certain  order  enatch  at  such  gfnendisatioua,  even  when  btit  slenderly 
fdiiuded  upon  facta.  These  conjectui-^es  of  Newton  were  soon  ftfler 
adopted  by  Voltaire  ;  '^  II  y  a  quelque  apparence/'  says  he,  in  an 
essay  on  comets,  "  qu'on  connaitra  un  jour  ud  certain  nonibre  de 
*re8  autres  plan^tes  qui,  sous  le  nom  d<*  coiuetes,  toument  comnie 
nouft  Autour  du  BoleB,  mais  il  ne  faut  paa  esperer  qu'ou  lea  coonai*- 
aent  tontes," 

And  again,  elsewhere,  on  the  aame  subject:  — 

"^Combtea,  que  Ton  craint  &  Tegftl  du  tonnerre, 
CeMct  tlVpouvanter  Ics  peuplca  de  la  terrej 
Dahs  unc  ellipse  imineii^  nchevez  voire  coars, 
Hemoritez,  deacendeK  prH  de  J'sstre  des  joors."' 

601.  BaUey'a  researoltetf.  ^  Extraordinary  as  these  conjec'* 
tures  must  have  appeared  at  the  time,  they  were  soou  strictly 
reiilidcd.  liidley  imdort<tok  the  labour  of  examining-  the  circum- 
stAncea  atteodiop:  all  the  comets  previously  recorded,  with  a  view 
tf«  discover  whether  any,  and  which  of  them,  appeared  to  foDow 
the  flame  path.  He  found  that  u  comet  which  had  been  observed 
by  himself,  by  Newton,  and  their  contemporaries  in  ]  68  z,  followed 
a  path  while  visiMe,  which  coincided  f50  ueiirly  with  those  of 
cometa  wliich  bad  been  observed  in  1607,  and  in  l<;  31,  as  to 
iT^uder  it  extremely  prt>bahle,  tliat  thetie  objects  were  the  same 
idunticid  comet,  revolving  in  an  elliptic  orbit  of  fuch  diinenbioni, 
aa  to  cause  its  return  to  penhelion  nt  intervals  of  7  5  — 76  years. 

The  comet  of  t682  had  been  well  observed  by  La  Hire,  f'icardi 
Hevelius,  and  Fljimsteed^  whose  ohaervationa  supplied  all  the  data 
neceaaaiy  to  calcuJate  ita  path  while  viaible.  That  of  1 607  had  been 
obeerved  by  Kepler  and  Lon|,r'>niontanus ;  and  that  of  1531,  by 
Pierre  Apian  at  Inpolatadt,  the  observations  in  both  eases  beinff  also 
fudicieiit  for  the  determination  of  the  path  of  the  body,  with  all  the 
accuracy  necessary  for  its  identification. 

602,  Bailey  predlotfl  tti  re -ai^pearaiioe  In  ITSS-S.  —  Of  the 
identity  of  the  paths  while  visible  on  Bach  of  these  appearancei 


L 


35+  ASTRONOMY. 

Hallejr  enterUiiae*!  no  doubt ;  and  announced  to  the  world  the  dis- 
covery of  the  elliptic  motiou  of  cometa,  as  the  pestdt  of  combined 
observation  and  calculation,  and  entitled  to  as  much  confidence  a^ 
any  other  consequence  of  an  established  phyaical  law ;  and  predicted 
the  re-appearRnce  of  tliia  hodj,  on  ita  succeeding  return  to  perihe- 
lion, in  1758-9.  He  observed,  however,  that  an  m  the  interval 
between  1607  and  1 682,  the  comet  passed  near  Jupiter,  its  velocity 
must  have  been  aufl^niented^and  consequently  its  period  shortened  bv 
the  action  of  tliat  planet.  This  period,  therefore,  having  been  only 
eeventv-ive  years,  he  inferred  that  the  following:  period  would  pro* 
bably  be  aeveaty-six  ye»u*a  or  upwards  j  and  conaequentlj  that  the 
coinet  ought  not  to  be  expected  to  appear  until  the  end  of  1 758,  or 
the  beginning  of  1 759.  It  i&  inipoaaible  to  imagine  imy  quality  of 
mind  more  enviable  than  that  which,  in  the  existing  state  of  mathe^ 
matical  physics,  could  have  led  t*i  sueh  a  predictiou.  The  imperfect 
state  of  ftcience  rendered  it  impnsaible  for  Halley  to  offer  to  the 
world  A  demonstration  of  the  event  which  he  foretold,  **  He  there* 
fore,"  saya  M.  de  Ponti5coulant,  "  could  only  announce  these  feli- 
citous conceptiona  of  a  «agat;ious  mind  aa  mere  intuitive  perceptions, 
which  must  lie  received  as  \incert*dn  by  the  world,  however  he 
might. have  felt  them  himself,  until  they  could  be  verified  by  the 
process  of  a  rigorous  anttlyais." 

Subsequent  rewarches gave  increased  force  to  Halley^s  prediction; 
for  it  appeared  from  the  ancient  records  of  observers,  that  comets 
had  been  seen  in  1456*  and  1378,  whose  elements  were  identical 
with  those  of  the  comet  of  1682. 

•  The  ■ppearancB  *f  thii  mmet  in  1456,  was  described  by  coatemporarr 
»otlM>ntie»  to  have  boed  sn  ohject  of  "unhearJ-of  inagBittide;  "  it  wm 
tecompanied  by  a  tail  of  extrmordinary  length,  which  extended  over  aiaty 
degrees,  (a  third  of  the  heaveon,)  and  eontitiucd  to  be  »eeii  during  the  whole 
of  the  month  of  June.  The  inflaence  which  was  attributed  to  thin  appesr- 
ancci  rendeni  it  probahlo  that  in  the  record  there  exists  mora  or  liaw  of 
exaggeration.  It  waa  considered  aa  the  c«katiiai  tnctication  of  tbe  rapid  sue- 
CSM  of  MnhommeU  IL,  who  had  taken  Conatanttiiople,  and  struck  terror 
into  the  whole  Chritlian  world.  Pope  Calixtiu  IL  levelled  the  thunders  of 
the  Chfirch  against  the  enemiea  of  his  faith,  terrestrial  and  celestial,  and  in 
the  aanre  bulli  exorcised  the  Ttirka  and  the  comet;  and  in  order  that  the 
nii'niory  of  this  ntanifeatatioii  of  hh  powt^r  should.  Ite  for  ever  preserved,  be 
oniaiued  that  the  bells  of  all  the  churche*  should  be  rung  at  midday,  —  a 
custom  which  i*  presened  in  tho«e  roun tries  to  our  titnes.  h  niuat  b^ 
admitted  that,  notwithstandiBg  the  terroraof  the  Church,  the  comet  piiraae^l 
its  coume  with  tA  much  eaae  and  Hccurity  aa  those  with  which  Mafaommed 
converted  the  church  of  St.  Sophia  into  his  priocipal  mosque, 

Tha  flxtraordinarj  length  and  brithancy  wbich  was  ascribed  to  the  tail 
upon  this  occasion,  have  led  aatronomera  to  investigate  the  cin-umstante* 
under  which  it*  brijjfhtnesa  and  magnitude  would  be  Iho  greatest  posaible; 
and,  upon  tracing  back  the  motion  of  the  coinet  to  the  year  1456,  it  has 
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603.  G'reat  adTanoe  of  mRtbemRtlcal  and  pb j>Blcal  seleiices 

iMtween  l«a2  and  1759^* —  In  the  inten'iii  of  three  qua.rt«*r9  of  o 
t'eatury  which  t>lapat*d  between  the  announcement  of  italley'a  pre- 
diction and  the  date  of  its  expected  fidlilment,  i^reat  advaocea  were 
miide  in  mathomatical  science ;  new  and  improved  methr>ds  of  in- 
vefitigfttioo  and  c4dculfttion  were  invented ;  tuid,  in  tine,  the  theory 
of  gravitation  was  pursued  with  extrajordiaary  activity  and  success 
through  its  constfquences  in  the  mutual  disturhimces  produced  upon 
the  motions  of  the  planeta  and  aa tell i tea,  by  the  attiactroa  of  their 
masses  one  upon  another.  As  the  epoch  of  the  expected  return  of 
iJie  comet  to  itsperiheltoa  upproacbed,  therefore,  the  scientific  world 
resolved  to  divest^  m  far  as  possible^  the  prediction,  of  that  vague- 
ness which  necessarily  attended  it  owing  to  the  imperfect  state  nf 
science  at  the  time  it  was  made,  and  to  calculate  the  exact  effects 
of  those  plaaetft  wh<X'<e  masses  were  sufficiently  gi'eat,  in  accelerating 
or  retarding  its  motion  while  passing:  near  them* 

604.  £xa«t  jiatti  of  tbe  00 mot  os  Its  returs*  and  ttme  of 
Its  perltieltoii  caleulOited  and  predicted  by*  Clalraut  and 
ialaad©.  — This  inquiry,  which  preaeat^^  great  mathematical 
difficulties  and  involved  enormous  arithmetical  labour,  was  under- 
taken by  Clairaut  and  Lalande ;  the  former,  a  mathematician  and 
natural  philosopher,  who  had  already  applied  with  great  ancceHHi 
the  principles  of  gravitation  to  the  motions  of  the  moon,  undertook 
the  purely  analj-tical  part  of  the  investigation,  which  consisted  in 
esjtablishing  certain  general  algebraical  formula;,  by  which  the 
diaturbing  actions  exerted  by  the  placets  on  the  comet  were  ex- 
pressed; and  Lalande,  an  eminent  practical  aatrunomer,  undertook 
the  labour  of  the  arithmetical  computations,  in  which  be  was 
assisted  by  a  ladjj,  Madame  Lepaute^  whose  name  has  thus  become 
celebrated  in  the  amiala  of  science. 

These  elaborate  calculations  being  completed,  Clairaut  pre- 
sented the  result  of  their  joint  labours,  in  a  memoir  to  the  Academy 
of  Sciences  of  Paris*,  in  which  he  predicted  the  next  arrival  of 


biM*a  found  that  it  wns  then  actually  under  th&  circumstance«  of  puaition 
with  reajwct  In  tlie  earth  and  lun  mostfmvourahlfl  to  magnitude  and  splendour. 
^  far,  thenarore,  the  resulia  e(  astronoDaJcai  calculation  corrobomte  the 
peL-orda  of  history . 

•  When  it  is  conaidered  that  th«  penod  of  flilley'a  cornet  is  abaai 
■eTenly-five  yeun,  und  that  even'  portion  of  its  courfte,  foi*  two  successivi! 
periods,  wm  noc&saary  to  he  calcuUied  ae^ratdy  in  this  wft\%  soma  notion 
may  be  formed  of  the  labour  encountered  by  L^ilande  and  Madame  r>*paule. 
"  Duriiigaix  months,"  »ays  Lalande,  "  weoilculated  from  mornmgtill  night, 
sometimes  even  at  meals;  the  com«equence  of  which  was,  that  1  contractpd 
an  illnesa  which  changed  my  conatitutioa  for  the  nemuinideT  of  my  hf«.  Th« 
a.«iifLam:e  rendered  by  Madame  Lepaute  wm  such,  that  without  her  we 
never  could  have  dared  to  oadertake  this  eaonoous  lationr,  ia  which  it  wui 
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the  comet  at  perihdiont  oo  the  iStlx  of  April,  1759 ;  a  date,  hoi 
ever,  which,  before  the  re-appi'arance  of  the  comet,  be  found 
reason  to  chauxe  to  the  i  itk  of  April;  and  aa^igiied  thti  path 
which  the  comet  would  follow  while  visible,  as  determined  by  the 
following'  data ; — 

Jncliiuiion.       Lour' "(^  i^odc    Long,  of  prriKeL      Per1h*l.dlst.        Direction, 

n"^  17'  Sl°  W        303^*10'  0-58  retrograde. 

6o5»  Aemarkalile  antiolpOitlon  of  the  discovery  of  Vrajius* 

—  In  jininJunvin^^  bis  prt*diclioii,  ("lairaut  fit<it<nl»  that  the  time 
assigned  for  tho  approaching  perihelion  might  VHiry  from  the  actual 
time  to  the  ejttent  of  a  month ;  for  that  independently  of  any  error 
either  itj  the  methods  or  process  of  calculation,  the  event  might 
deriatt'  more  or  leas  fprmi  ita  predicted  occm'rence,  by  reasoo  of 
the  attraction  of  an  utuH^covered  planet  of  our  system  revolving 
lit't/ftftd  tJte  orbit  of  Saiwm,  In  twenty-two  years  after  this  time, 
thia  conjecture  was  realist^d  by  the  discovery  of  the  planet  Uranii$, 
by  the  late  Sir  WlHiam  Herschel,  revoldng^  round  the  sim  nearly 
one  thouHmd  millions  of  niilea  beyond  the  orliit  of  Saturn  ! 

606,  ^redlctloQ  @f  Sallejr  &a<l  ClalrAat  fUillled  bj-  re- 
appearance of  tbe  eoEnet  la  17$e-SI, —  Tlu^  rrHTiH,  in  fipOi 
appeared  in  DecemWrt  1758,  and  followed  the  patli  predicted  by 
Clairaut,  which  dilfered  but  little  finom  that  which  it  had  piirsued 
on  former  appearances,  9a  will  be  oeen  by  a  eomparisou  of  the 
elements  as  given  above  with  those  since  escertaiued.  It  posst'd 
through  perihelion  on  the  15th  of  March,  within  22  days  of  the 
time,  and  within  the  limit  of  the  possible  errors  assigiaed  by 
C  lairaut. 

607.  Olatnrliliir  action  «f  a  planet  on  a  comet  explained. 

—  The  general  eflectja  of  a  phmet  in  accelemliug  or  relardiiig  Uj» 
inotiou  of  a  comet  are  easily  explained,  althouph  the  exact  details 
of  the  disturbances  are  too  complicated  to  admit  of  any  exp*)sitioa 
here. 

necesMTV  to  cilculato  the  distance  of  eich  of  the  two  planetfl,  Jupit«r  anU 
Saturn,  from  the  comet,  and  rlieir  nt  tract  ion  upon  lliat  bwly,  st'parately,  for 
every  succe^sivi^  degree,  and  for  150  ycflirs." 

The  name  of  Madame  r^pautf  tlooa  not  appear  in  Clairaut's  raeraoir;  a 
t^upprcsaion  «hirh  Labink  uttrihutea  to  the  inAuedc«  «xerv'i»e(l  by  another 
Ijidy  to  whom  Clairaut  wn*  attadied.  Lnlande,,  however,  quote*  letters  of 
CJairaut,  in  which  lie  speaks  in  terma  of  high  admiration  of  "Iasavant« 
calctilatrice.'*  'llie  labours  of  this  lady  in  the  work  of  caknilation  (for 
alM  assisted  Lalatide  in  const  met  inj;^  his  Ef^rm/rnxUi)  at  len^^th  ao  weak( 
tier  eight  that  ahe  was  compelled.  t<j  desist  She  died  in  17S8,  while  iitten^ini 
»n  tiar  bofittand,  inrho  had  become  insane.  See  the  ariielea  on  cometsi,  by 
frof.  de  Mor(;an«  in  tbe  Gfrnpanion  tQ  the  Brituh  Ahmnae  for  the  year  1833 


COMETS. 


357 


r\g,^ 


L 


Let  P,^/«  94,  rcprespnt  the  place  of  thf?  disturbing  planet,  and 
C  that  of  the  comet  The  attmction  of  thts  planet  t>n  the  comet 
will  then  be  a  force    directed  from   c  **** 

towards  P,  and  by  the  principle  of  the 
L'ompositic^n  of  forces,  is  equivalent  to  two 
componenta,  one  c  m  in  the  direction  of 
the  coniet*8  path,  and  the  other  c  «  per- 
pendiculax  to  that  path.  If  the  motion 
of  tlie  comet  be  dlirected  from  c  towards 
m,  it  will  be  accelerated ;  and  if  it  he 
directed  from  o  towards  fn%  it  will  be  retai-ded  by  that  coTuponent 
of  the  planet's  attraction  which  is  directed  from  c  to  m.  The  other 
component  c  n  beinf^  at  right  angles  to  tlie  comet's  motion^  will 
have  no  direct  effect  either  in  accelerating  or  retanimg  it. 

It  appears,  therefore,  in  peneml 
that,  if  thti  direction  of  the  coirift^b 
motion  ctn  make  an  acnto  angle  with 
the  line  c  P  drawn  to  the  planet,  thi' 
planet's  attraction  will  accelerate  it ; 
and  if  its  direction  c  wi'  make  an 
obtii«e  aiifflo  with  the  Ime  c  P,  it 
will  retard  iL 

This  being"  understood,  the  dis- 
turbing action  of  a  planet  evich  tm 
Jupiter  or  Saturn  on  a  comet  aueh  aa 
Halley'fl  mny  be  eaaily  comprehend- 
ed. In  ^ff.  95,  the  orbit  of  the 
comet  ia  represented  at  AcPc"  in  its 
proper  prcjportions,  A  P  bein^:  the 
mtijor  ftxisj  P  the  placo  of  perihelion, 
A  that  of  aphelion,  and  s  that  of  the 
focus  in  which  the  eim  is  placed. 
The  small  circle  described  round  n 
represents  in  it^^  proper  proportions 
the  orbit  of  the  earth,  whose  distjmce 
is  aljoiit  twice  that  of  the  coiupt 
when  the  latter  is  at  perihelion.  The 
cifL-le  jt>;?'|j"' K^prcst-nts  in  its  proper 
proportions  the  orbit  of  Jupiter,  whitb, 
lor  illustration,  we  shall  couaider  m 
the  disturbing  planet. 

It  will  be  apparent  on  the  mere 
inspction  of  the  diaj^ni,  that  lines  drawn  from  the  planet,  what- 
ever be  ita  pla*:e,  to  any  point  whatever  of  the  comet's  path  be- 
tween its  aphelion  a  and  the  point  m^  where  it  arriTes  at  the  orbit 
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of  the  planet  in  approaching  the  sim,  will  make  acute  aojarles  with 
the  direetioD  of  tb«  comet's  motion ;  and  that,  con&equeotly  the 
comet  will  be  accelerated  by  the  action  of  the  planet.  In  like 
niannfr,  it  is  apparent  that  lines  drawn  from  the  planet,  whatever 
be  its  place,  to  any  point  what^'ver  of  the  comet'a  path  between 
m  and  aphelion  A,  will  make  obtuse  angles  with  the  direction 
of  the  comet's  motion ;  and,  conaequentlyp  the  comet  will  be  re- 
tarded by  the  action  of  the  planet^  in  departing  from  the  sun,  from 
m  to  A. 

In  that  part  of  the  comet's  path  which  lies  within  the  planet's 
orbit,  the  action  of  the  planet  aJltenjately  accelerates  and  retaids 
it,  according  to  their  relative  poflition.  If  the  planet  be  at  /?, 
suppose  />  o  dm  WD  so  as  to  be  at  right  angles  to  the  path  of  the 
comet,  Between  m'  and  o  the  action  of  the  planet  at />  will  accele- 
rate the  comet,  and  after  the  comet  passes  o  it  wiU  retard  it,  In 
like  manner  if  the  pknet  be  at  p'\  it  will  tirst  retard  the  motion  of 
the  comet  proceeding  from  m'  towards  a,  and  will  continue  to  do 
so  tmtil  the  line  of  direction  becomes  perpendicular  to  that  of  the 
comet's  motion,  after  which  it  will  accelerate  it. 

It  appears,  therefore,  that  during  the  period  of  the  comet  the 
disturbing  action  of  the  planet  is  subject  to  fieveral  changes  of 
direction,  owing  partly  to  the  change  of  position  of  the  comet  and 
partly  to  that  of  the  plan»:?t ;  and  the  total  effect  of  the  disturbing 
action  of  the  planet  on  the  comet's  period  is  found  by  taking  the 
diflercnce  between  the  total  amount  of  ail  the  accelerating  and  all 
the  retarding  actions. 

In  the  case  of  the  planet  Jupiter  and  HaDey's  comet,  the  former 
makes  nearly  seven  complete  i-e volutions  in  a  single  period  of 
the  com«t ;  and  consequently  its  disturbing  action  is  not  only 
subject  to  several  changes  of  direction,  but  also  to  continual 
variation  of  intensity,  owing  to  its  change  of  distance  fiom  the 
comet 

Small  as  the  arc  m'  F  m  of  the  oomiOt's  path  is  which  is  Included 
within  the  orbit  of  Jupiter,  the  fraction  of  the  peritxl  in  which  this 
arc  is  traversed  by  the  comet  is  mwcb  smalier,  as  will  he  apparent 
by  oonsidenng  the  application  of  the  principle  of  equable  area^  to 
tliis  case.  The  time  taken  by  t\m  comet  to  move  over  the  arc  m'Pm 
is  in  tbe  same  proportion  to  its  entire  period,  as  the  area  included 
between  the  arc  m'  p  m  and  tbe  lines  m'  a  and  m  a  is  to  the  entirc^ 
aroa  of  the  ellipse  a  p. 

To  simplify  the  explanation,  tbe  orbit  of  the  comet  has  here  been 
supposed  to  be  in  the  plane  of  that  of  the  disturbing  pbmet.  If  it 
be  not,  the  disturbing  action  will  have  another  component  at  right 
angles  to  the  plane  of  the  comet's  orbit,  the  efiisct  of  which  will  be 
a  tendency  to  vary  the  inclination. 
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608.  lBfr«et  of  til  e  perturliiag'  aotlon  of  Jupiter  and  Saturn 
on  Halley'fl  com«t  between  1082  and  17Sa,  —  The  n?gult  of  tLe 
inveatigation  by  Clainmt  showed  tliat  the  total  eflfect  of  tho  dis- 
turbing action  of  Jupit«r  and  Saturn  on  Halley'a  comet  hetweem 
itfl  perihelion  a  in  1682  and  in  1759,  w&s  to  increase  its  period  by 
6 1 8  days  ae  compared  with  the  time  of  its  preceding  revolution, 
of  whici  increanje,  too  days  wert*  due  to  the  actioti  of  Saturn,  and 
5 1  S  to  that  of  Jupiter. 

Clairaut  did  not  take  iiit<i  account  tho  distxirbiug  action  of  the 
earth,  which  waa  not  altogBthtjr  Inconsidenihle,  and  eould  not  allow 
for  those  of  the  undiscovered  planets  Uranus  and  Neptune.  The 
eilects  of  the  action  of  the  other  planets,  Mars,  Venu*,  Mercury^ 
and  the  phinetoidS|  are  in  thew  cases  insigniiicant 

609.  Catcolatlon*  of  Its  return  tn  1.93 5-c.  ^  In  the  internal 
of  three-quarters  of  a  century  whiuh  preceded  the  next  re -appear- 
ance of  this  comet,  science  continued  to  progreis,  and  instruinenta 
of  observation  and  principles  and  method&  of  investigation  were 
Btill  further  improved ;  and,  above  all,  the  number  of  observers  waa 
greatly  impnented.  Before  the  epoch  of  ita  return  in  1 835,  its 
motioner  and  the  elfecta  produced  upon  them  by  the  disturbing 
action  of  the  aeveral  planeta,  were  computed  by  MM.  Damcieeau, 
Font^coulant,  Roeenberger;  and  Lehmann,  who  severally  predicted 
ita  arrival  at  perihelion  :  ^ 

Damoiiwau  ...  -  ^th  Xov.  tSjf 

FmtT^coulaiit  -                -                •  -  7th          „ 

Rn{eikb<'F([er  .               .                ,  .  jjth 

Lehcuauii  *               -               .  >  ^h         ,, 

610.  Fredlotlooa  folflllod,  —  These  predictions  were  all  pub- 
lished before  J  uly,  1 8  3  5.  The  comet  waa  seen  at  Rome  on  the  5  th  of 
August,  in  a  poaitioa  within  one  decree  of  the  place  aaaigned  tG  it  for 
that  day  in  the  ephemeria  of  M.  Rosenberper.  On  the  20th  of  August 
it  became  visible  to  all  observera,  and  pursued  the  course  with  verv 
little  deviation  which  had  been  assigned  to  it  in  the  eph emended, 
arriving  at  its  perihelion  on  the  1 6th  of  November,  being  veiy 
nearly  a  mean  between  the  four  epocha  aasigned  in  the  predictions. 

After  this,  paseing  south  of  the  equator,  it  waa  not  visible  in 
northern  latitudes,  but  continued  to  be  seen  in  the  eouthem  hemi- 
sphere until  the  5th  of  May,  1 836,  when  it  finally  disappeared,  not 
again  to  return  until  the  year  191 1. 

It  appears  that  the  mean  distance  of  this  comet  is  about  eighteen 
times  that  of  the  earth,  and  that  it  ie  consequently  a  little  less  than 
the  mean  diatance  of  Uranus.  When  in  perihelion,  ita  distance 
irom  the  sua  ia  about  half  the  earth's  diaUmce,  while  its  distance 
in  aphelion  is  above  thirty'five  times  the  eiirth's  distance^,  and 
liierefoie  seventy  tiinea  its  penhdiou  distance. 
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611.  Pons' «omet  of  iai2.^0B  the  20tb  of  Jialj^  iHlZ,  n. 
comet  was  disooTered  by  M.  Pou8»  whose  orbit  was  calculated  by 
Profeasor  Encke,  and  waa  found  t)  be  an  ellipse  of  such  dimensiooe 
as  to  give  a  period  of  75^  years,  equal  to  that  of  Halley'a  comet. 

612.  Olbers'  comet  of  iaiB.^On  the  6th  of  March,  iSlJi 
Dr.  Olbera  discovered  at  Bremen  a  comet  whoae  orbit,  calculated 
by  Professor  Bessel!,  proved  to  be  an  ellipset  with  a  period  of  74 
Te8n>  The  next  perihelion  passage  of  this  comet  ia  predicted  for 
Ihe  gth  of  February,  I  887. 

613.  ]l«  Vieo'i  comot  of  ia*«,^-On  the  28th  of  February, 
1 8^4.6,  M.  de  Vico  diacovered  a  comet  at  Home,  whose  orbit  appears 
to  be  an  ifUipse,  with  a  period  of  72-73  yeara. 

614..  8ror*«ii'a  eoiaot  of  18«7.  —  A  coim»t  was  dift(*overed  by 
M-  Brorsen  at  Altonfl,  on  the  20th  of  July,  >  847  :  the  orbit  of  which 
appears  to  be  an  ellipse?,  with  a  p+>ri<3d  of  about  75  yeara. 

6tif.  "WeatiiliRj'*  comet  of  ia52« — A  comot  was  diacovered 
at  Gottingen,  by  M,  Westphal.  on  the  2  7th  of  June,  1852.  It«  orbit 
alao  appears  to  be  an  eliJpj^et  with  a  period  of  about  70  years. 

6  [6.  Comots  wltb  orbits  of  great  ozeen&lcltjt  Jus,  —  With 
regard  to  foiuets  having  elliptic  orbits  of  gT<&at  excentricity,  as  well 
as  those  whose  orbita  are  parabolic  or  hyperbolic,  it  m  nnueceasaiy 
to  enter  into  any  detail.  Even  comets  whote  orbits  have  been 
found  to  be  ellipticfll,  have  periods  amounting  in  several  csBee  to 
uirwy  thouaands  of  years,  whereoa  tlioee  whoso  orbita  are  |)arabolic 
or  hyperbolic  have  appeared  amoD^gt  us  for  a  short  time,  then 
leaving  our  skies  never,  most  probably,  to  return.  Some  of  these 
cometa  have,  however,  in  their  lime  created  conaiderable  interest 
by  their  raaj^iitude  and  brilliancy.  A»  an  example,  all  can  recoUect 
the  mafi^iiieent  appearance  in  the  benveus  of  Donati's  comet  in  the 
wutumn  of  1858,  yet  a  period  of  upwards  of  two  thousand  yeATS 
must  elapse  before  it  can  again  be  viBihle  to  the  inhabitants  of  the 
eiirth.  Astronomically  speaking,  these  splendid  comets  which 
cause  such  universal  iritere&t  at  the  time  of  their  visibility,  sink  into 
insi^ilicance,  on  account  of  their  uncertain  period,  in  comparison 
with  the  faint  comets  of  short  period,  such  as  Encke's,  Riela% 
Faye'e,  and  others,  the  orbits  of  which  are  known  with  nearly  the 
same  ftccuracy  as  those  of  the  separate  planctii  of  the  solar  system. 

We  have  not  space  to  give  a  catalogue  of  all  the  conieta  which 
may  be  classed  under  this  section,  but  if  the  reader  be  desiroua  of 
entering  more  fully  into  the  knowledge  of  the  existence  and  motions 
of  these  wandering  bcwiies,  reference  can  be  made  to  the  work  on 
comets  by  Mr.  Hind,  who  has  devoted  so  much  attention  to  the 
Fiibject  of  cometarj'  astronomy.  Mr,  Hind  has  given  a  cat»Uogue 
of  the  orbits  of  all  the  comets  hitherto  computed,  together  with 
ezplanatoij  notes  giving  considerable  information. 
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IV.  Phtsical  CowvjTSwnoF  op  Comets. 

617.  Apparent  form  —  Be&d  and  Tadl, —  Cometa  in  gcnei'a], 
and  more  espet^ially  those  which  uru  visible  without  a  telescope, 
present  the  ftppeamnce  of  a  roundiah  mass  of  Illumiuatod  Tnpour  or 
nebulous  matter,  to  which  h  often,  thouf^h  not  always,  attached  a 
tram  more  or  less  extensive,  composed  of  matter  having  a  like  ap- 
pearance. The  former  is  callvd  tlu>  heaDj  and  the  kttor  the  iail 
of  the  comet. 

618.  iriicl«iiB«— The  iUumination  of  the  head  iji  not  g-enerallj 
imifonn.  Sometimes  a  bright  ceDtrol  apot  ia  aeen  in  the  nebuloua 
matter  which  forms  it.    This  is  called  the  KI7CLB¥9» 

The  nucleus  sometimes  Rppeara  as  a  bright  stellar  pointy  and 
sometimes  presents  the  appearance  of  a  planetaiy  dbk  seen  through 
a  nebulous  haze.  In  general,  however,  on  examining  the  object 
with  high  optical  power,  thei^e  appearances  are  chauj^ed,  and  the 
object  aeems  to  be  a  mere  ma£a  of  illunmiated  vapour  firooi  its 
bordere  to  its  centre. 

6 19.  Comfti— When  a  nucleus  is  apparent,  or  supposed  to  be  so, 
tl:tc^  nebulous  haze  which  aurrounda  it  and  forma  the  exterior  part  of 
the  head  is  called  the  cmna, 

620.  Origin  of  tbe  &aiD««  —  These  designations  are  taken 
from  the  Greek  won:!  jraM  (kom^),  hair,  the  nebulous  matter 
composing  the  coma  and  tail  being  supposed  to  resemble  hair, 
and  the  object  being  therefore  called  jcop^i  (konietee),  a  hairj* 
ptar, 

62  K  ncaffnltnde  of  tbs  li0ad,^As  the  brightness  of  the  coma 
graduallT  fiwJes  away  towards  the  edges,  it  is  impossible  to  detp'r- 
miue  with  any  great  degree  of  precision  its  real  dimensions.  Theae^ 
however,  are  obviously  subject  to  enormous  \*aTiatiou,  not  only  in 
different  comets  compared  one  with  another,  but  even  in  the  same 
comet  during  the  interval  of  a  single  perihelion  passage.  The  great- 
eat  of  those  which  have  been  submitted  to  mieronietrical  me«sure- 
ment  was  the  great  comet  of  1 81 1,  the  diameter  of  the  head  of 
which  was  found  tf>  be  not  leas  than  ]-|  millions  of  miles,  which 
would  give  a  volume  greater  than  that  of  the  sun  in  the  ratio  of 
about  2  to  I,  The  diameter  of  the  head  of  Ilalley's  comet  when 
departing  from  the  sun,  in  I  856,  at  one  time  measured  357,CX30 
miles,  giving  a  volume  more  than  sixty  limes  that  of  Jupiter,  These 
are,  however,  the  greatest  dimensions  which  hare  been  observed  in 
this  class  of  objects,  the  diameter  rarely  exceeding  iOO/OOO  miles, 
and  being  geuerttlly  less  than  1 00,000. 

622.  BE»ffnitnde  of  tbe  nnol«ii»i  —  Attempta  have  been  madt?, 
where  nuclei  were  perceivable,  to  estimate  their  magnitude,  and 
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diitmeters  have  been  aaaigDecl  to  tliem,  rarjifig  from  1 00  to  5000 
imlt*a.  For  the  reasoDs,  however^  already  explainedj  these  re^ti 
must  he  regarded  as  very  doubtful. 

Thofie  who  deny  the  existence  of  solid  matter  within  the  coniji, 
maintain  that  even  the  most  biilliaDt  and  conspicuoua  of  those 
bodioB,  and  those  which  have  presented  the  utroBgest  reaembliuice 
to  planets,  aro  more  or  less  tranepareDt,  It  might  be  siipponed 
that  a  fact  so  simple  as  thid^  in  this  age  of  astronomical  activity, 
could  not  remain  doubtful;  but  it  must  be  considered  that  the 
combination  of  circumstances  which  alone  would  teat  auch  a 
question,  is  of  rare  occurrence.  It  would  he  necessary  that  the 
centre  of  tbe  beidl  of  the  comet,  although  very  small,  should  paas 
critically  oyer  a  star^  in  order  to  ascertaiii  whether  such  star  is 
^  isible  through  it  With  comets  having  extensive  comiB  vrithout 
nuclei,  this  has  somotimea  occurred ;  but  we  have  not  had  such 
satisfactory  examples  in  the  more  rare  instance-s  of  thoae  which 
have  distinct  nuclei. 

In  tbe  absence  of  a  more  decisive  test  of  the  occultation  of  » 
star  by  the  nucleus^  it  has  been  maintained  that  the  exiatoni:«< 
of  a  solid  nucleus  may  he  fairly  inferred  from  the  great  splen* 
dour  which  bas  attended  the  appearance  of  some  comets,  A 
mere  mims  of  vapour  could  not,  it  is  contended,  reflect  such 
brilliant  light  The  following  are  the  examples  adduced  by 
.\rago :  — 

In  thB  year  4]  before  Christ,  a  comet  appeared  which  waa  said  to  b* 
visible  to  die  naked  aye  hy  daylight.  It  woa  the  comet  which  the  Ronuins 
eonndtired  (o  bt  tb«  soul  of  Caaar  traDaferred  to  the  heavens  after  bis 
afisaaBJnitinD. 

In  the  year  140a  (wo  remarkable  cometa  "w«re  recorded.  The  first  was  so 
brililiant  thut  the  light  ol  the  sun  at  nfK>n,  at  the  end  at  March^  did  not 
{irevent  its  nuckiiA,  or  even  ita  tuil,  from  being  seen.  The  fecond  appt^nsd 
jn  tbe  mouth  of  Juoe»  and  was  vl&JbJe  also  fur  &  coosideiabte  Um«  before 
Kuniiet. 

In  the  year  1 532  the  people  of  Milan  were  alarmed  by  tbe  appearuice  oC 
a  star  which  vras  visible  iu  the  brood  daylight.  At  that  time  Veniu  waa 
not  in  a  pnflition  to  be  visible,  aad  coaoequentiy  it  is  interred  that  Ibii  Btax 
muat  have  been  a  comeL 

The  comet  of  1577  wa»  discovered  on  the  13th  of  November  by  Tycho 
Brahe^  from  his  observatory  on  the  iaJe  of  Haeae,  in  the  Sound,  before  sonwst. 

On  the  ist  of  February,  1744,  Chixeaux  ob^rved  a  cjumet  more  brilUant 
than  tlie  brighteat  iiar  in  (be  he^ivenis  which  soon  became  equal  in  eplcndour 
to  Japiter,  and  in  the  beginning  of  Mattih  it  was  viaible  in  tbe  presence  of 
the  siici.  By  selecting  a  proper  position  for  observation,  on  the  ist  of  March 
it  was  seen  at  one  o'clock  in  tbe  afternoon  without  a  telescope. 

Such  is  the  amount  of  evidence  which  observation  has  supplied 
reepecting  the  cxiBtdnce  of  a  solid  nucleus.  The  most  that  can 
he  aaid  of  it  ia,  that  it  pieaenta  a  plausible  arg^ument,  giving  souie 
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probAbility,  but  no  positiTe  certaintj,  tbat  comets  have  Tisit^d 
our  syatem  which  have  Bolid  nuclei  j  but,  meanwhile,  this  can  onlj 
be  maintainedl  with  respect  to  few :  most  of  those  which  have  beeii 
fl«ea,  and  all  to  which  very  accurate  obflervationa  have  been  directedj 
have  afforded  evidence  of  being  mere  naaaaea  of  semi-transparent 
matter. 

623.  91ie  tall* — Although  by  far  the  irreater  majority  of  comets 
are  not  attended  by  taib,  yet  that  appendage,  in  the  popuhir  mind, 
ia  more  inseparaMe  from  the  idea  of  a  comet  than  any  other  attribute 
of  these  bodies.  This  proceeds  from  its  singiUar  and  striking  ap- 
pearance, and  from  the  fact  that  most  comets  visible  to  the  saked 
eye  have  had  tails.  Id  the  year  1 53 1 ,  on  the  occamon  of  one  of  the 
visits  of  Halley's  comet  to  the  solar  sysitem,  Pierre  Apian  observed 
that  the  comet  g-euerally  presented  ita  toil  in  the  direution  opposite 
to  that  of  the  sun.  This  principle  was  hastily  generalised^  and  is 
even  at  present  too  generally  adopted.  It  is  true  that  in  most  cases 
the  tail  ei tends  itself  from  that  part  of  the  comet  which  is  most 
remote  from  the  sun ;  but  its  direction  rarely  corresponds  with  the 
direction  which  the  shadow  of  the  comet  would  take.  Sometimes 
it  has  happened  that  the  tail  forma  with  a  line  drawn  to  the  sun  a 
eouHiderable  angle,  and  cases  have  occurred  when  it  was  actually  at 
right  angles  to  it. 

Another  character  which  has  been  observed  to  attach  to  the  tails 
of  comets,  which,  however,  is  not  invariable,  is,  that  they  incline 
constantly  toward  the  region  lust  qaitted  by  the  comet,  as  if  in  its 
progress  through  space  it  were  subject  to  the  action  of  some  re- 
ajsting  medium,  so  that  the  nebulous  matter  with  which  it  is 
invesixd,  suffering  more  restetaace  than  the  solid  nucleus^  remains 
behind  it  and  forms  the  tail. 

The  tail  sometime-s  appears  to  have  a  ctirved  form.  That  of  the 
comet  of  ]  744  formed  almost  a  q^uadrant.  It  is  supposed  that  the 
convexity  of  the  curve,  if  it  exists,  is  turned  in  the  direction  from 
which  the  comet  moves.  It  is  proper  to  state,  however,  that 
these  circumstances  regarding  the  tail  have  not  been  clearly  aod 
satdsfactorily  ascertained. 

The  tdls  of  comets  are  not  of  uniform  breadth  or  diameter; 
they  appear  to  diverge  6rom  the  comet,  enhurging  in  breadth  and 
diminishing  In  brightness  as  their  distance  frcxm  the  comet  in- 
creases. The  middle  of  the  tail  usually  presents  a  dark  stripe, 
which  divides  it  longitudinally  into  two  distinct  ports.  It  was 
long  supposed  that  this  dark  stripe  was  the  shadow  of  the  body  of 
the  comet,  and  this  explanation  might  be  accepted  if  the  tail  was 
always  turned  firom  the  sun  j  but  we  find  the  dark  stripe  equally 
exists  when  the  tail^  being  turned  sideward,  is  exposed  to  the  effect 
id  the  sum's  light. 
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Tbia  appeaiBiice  ia  usiiaUj  oxplamed  bj  the  Buppositi^m 
til©  tail  is  a  hollow,  conical  shell  of  vaponr,  the  external  suriace  of 
which  posaesaea  a  certain  tkickocsa.  WTien  we  view  it,  we  look 
through  a  cwnsidemhle  thicknesa  of  vapour  at  the  edges,  and  through 
a  oomimrativelj  aniall  quantity  at  the  middle.  Thus^  upon  the 
BUpposition  of  a  hollow  cone,  the  greatest  brightneas  would  appear 
at  the  aidee,  and  the  existence  of  a  dark  space  in  the  middle  would 
be  perfectly  accounted  for* 

The  taila  of  comets  are  not  always  single ;  some  have  appeued 
at  diflerent  timea  with  several  separate  tails.  The  comet  of  1 744, 
which  appeared  on  the  7  th  or  8  th  of  March,  had  six  tails,  each 
about  4°  in  breadth^  and  of  conaiderable  length.  Their  sidea  wars 
well  defined  and  tolerably  bright,  and  the  spaces  between  them 
were  as  dark  as  the  other  parts  of  the  heavens. 

The  taila  of  comets  have  frequently  appeared,  not  only  of  im- 
mense real  length,  but  extending  over  considernble  sp^acea  of  the 
heavens.  It  will  be  easily  understi^od  that  the  apparent  length 
depends  conjointly  upon  the  real  length  of  the  tail,  and  the  position 
in  which  it  ia  presented  to  the  eye.  K  the  line  of  vision  be  at 
right  anglea  to  it,  it8  length  will  appear  as  great  aa  it  can  do  at  its 
emting  distance;  if  it  be  oblique  to  the  eye,  it  will  be  fore- 
ahorteued,  more  or  lese,  according  to  the  angle  of  obliquity.  The 
real  length  of  the  tail  is  easily  calculated  when  the  apparent  length 
is  obeerved  and  the  angle  of  obliquity  known. 

In  respect  of  magnitude,  the  tails  are  unquestionably  the  moit 
stupendous  objects  which  the  discoveries  of  the  astronomer  have 
ever  presented  to  human  contemplation. 

The  following  are  the  results  of  the  observation  and  measure- 
ment of  a  few  of  the  more  remarkable :  — 
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The  magnitude  of  these  prodigioUA  appendages  ia  even  leaa 
amazing  than  the  brief  period  in  which  they  sometimes  emanate 
from  the  head.  The  tidl  of  the  comet  of  j  843,  long  enough  to 
stretch  from  the  eun  to  the  plaaetoida^  was  formed  in  leisa  than 
twenty  days. 
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.614.  M<L»s«  voliuuef  and  deiuilty  of  coiB«ts.^— Tlie  maasea  of 
comets,  like  those  of  the  planets,  would  be  ascertained  if  the  re- 
ciprocal effects  of  their  ^T^vitation,  and  those  of  any  known  bodies 
m  the  systeoa,  could  bo  obserred.  But  although  the  dietiubmg 
action  ofthe  planets  on  these  bodies  is  conspicuouji,  and  ita  effects 
hare  been  calculated  and  obsenred,  not  the  slightest  effect  of  the 
e«me  kind  has  ever  been  aacertained  to  be  produced  b/them, 
eren  upon  the  smdlest  Ixxiiet  in  the  Bjstem,  and  those  to  which 
comets  have  approached  most  nearly. 

Notwithstanding  the  enormoua  number  of  comets,  observed  and 
unobserved,  which  constantly  tra verse  the  solar  eptem  in  all  con- 
ceivable directions ;  notwithstanding  the  permanent  revolution  of 
the  periodic  comets,  whose  presence  and  orbita  have  been  ascer- 
tained ;  notwithstanding  the  frequent  visits  of  comets,  which  so 
thoroughly  penetrate  the  system  as  almost  to  touch  the  surfuce  of 
the  sun  at  their  perihelion,  the  motions  of  the  various  bodies  of 
the  system,  great  and  small,  planets  major  and  minor,  planetoids 
and  satellites,  go  on  precisely  as  if  no  such  bodies  as  the  comets 
approached  their  neighbourhood-  Not  the  smallest  effects  of  the 
attraction  of  such  visitors  are  diHcover*ible< 

Now  since,  on  the  other  haud^  the  disturbing  effecta  of  the 
planets  upon  the  corny ts  are  strikingly  manifest,  and  since  the 
comets  move  in  elliptic,  parabolic,  or  hyperholic  orbita,  of  which 
the  sun  is  the  common  focus,  it  is  demonstrated  that  these  bodies 
are  composed  of  ponderable  matter,  which  is  subject  to  all  the 
consequeocea  of  the  law  of  gravitation.  It  cannot,  therefore,  be 
doubted  that  the  comets  do  produce  a  disturbing  action  on  the 
planets,  although  its  effects  are  inappreuiable  even  by  the  moat 
exact  observation.  Since,  then,  the  diaturbancos  mutually  pro- 
duced are  in  the  proportion  of  the  disturbing  masses,  it  follows 
that  the  masses  of  the  comets  must  be  smaller  beyond  all  calcula- 
tion than  the  masses  even  of  the  smallest  bodies  among  the  planets 
primary  or  second  aij. 

The  volumes  of  comets  in  general  exceed  those  of  the  planets 
in  a  proportion  nearly  as  great  as  that  by  which  the  masses  of  the 
planets  exceed  those  of  the  comets.  The  consequence  obviously 
resulting  jfrom  this  is,  that  the  density  of  oometa  is  incalculably 
small 

Their  densities  in  general  are  probably  thousands  of  times  less 
than  that  of  the  atmosphere  in  the  stratum  next  the  siirface  of  the 
Earth. 

625.  %lB-lit  of  comets. — That  planets  are  not  Belf-luminouSy 
hut  receive  their  light  from  the  sun,  is  proved  hy  their  phases, 
and  by  the  shadows  of  their  satellites,  which  are  projected  upon 
them  when  the  lattef  are  interposed  between  them  and  the  suiu 
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These  teatd  bm  inapplicable  to  cometa.    Tliej  exhibit  no  pb 
and  are  attended  by  no  bodies  to  intercept  the  sun 'a  light.     Bi 
unless  it  could  h&  shown  thut  a  comet  ia  a  solid  masa^  impe 
tmble  to  the  aolar  rays,  the  non -existence  of  phases  U  not  a 
that  the  body  does  not  receivtj  its  light  from  the  eun. 

A  mere  mass  of  cloud  or  vapour,  thoug^h  not  self-iuminoua,  b 
rendered  Tiaihle  by  borrowud  light,  would  atiU  exhibit  no  effect 
this  kind:  ita  imperfect  opacity  would  allow  the  sular  Hght  tH 
affect  its  constituent  parts  throughout  its  entire  depth  —  bo  thai 
like  a  thin  fleecy  cloud,  it  would  appear  not  superficially  Qluml 
nated,  but  receiving  and  rejecting  li^^ht  through  all  ita  diiDi^nsioiii 
With  Tcapect  to  cometa,  therefort),  the  doubt  which  baa  existed 
whether  the  light  which  proceeds  from  them,  and  by  which  thi 
become  visible,  ia  a  light  of  their  own,  or  ia  the  light  of  the 
»hiniiig  upon  them,  and  reflected  to  our  eyoa  like  light  from  acloi 
/Vmong  several  teats  which   have  been  propoeed  to  decide  thM 
question,  one  suggested  by  Arngo  merits  attaation*  j 

It  hoa  been  already  shown  (0.  564  a^  aeq.)  that  the  appar6)]| 
brigbtnesa  of  a  visible  object  is  the  same  at  all  distances,  Bwgi 
posing  ita  real  brightness  to  remain  unchanged.  Now  if  comaii 
fibone  with  their  propr  light,  and  not  by  light  recaTed  from  tin 
aun,  their  apparent  brightness  would  not  deereaae  as  they  wouM 
recede  from  the  sun,  and  they  would  cease  to  be  yisible,  noi 
because  of  the  faintnese  of  their  light,  but  because  of  the  sma]!^ 
neas  of  their  apparent  magnitude.  Now  the  contrary  ia  found  U 
be  the  caae.  As  the  comet  retirea  from  thk  aim  ita  apparent  brighw 
nefls  rapidly  decrea^ea^  and  it  ceases  to  be  Tiaible  fh>m  the  meiij 
fatness  of  its  light,  while  it  gtiU  subtends  a  considerable  visud 
angle.  j 

626.  ■nlanveiiiflot  of  mavaltiide  on  dopartliiff  from  tl^ 
snn.  —  It  will  doubtless  excite  surprise,,  that  the  dimensions  of  ^ 
comet  should  he  enlarged  aa  it  recedea  from  the  source  of  heat.  ^ 
has  been  often  observed  in  aatronomieal  inquiries,  that  the  efiectlj 
which  at  first  view  seem  most  improbable,  are  neverthelesa  thoM 
which  frequently  prove  to  be  true ;  and  so  it  ia  in  this  case,  fl 
was  long  believed  that  cometa  enlarged  aa  they  approached  tin 
aun ;  and  thia  supposed  effect  was  naturally  and  probably  ascribe 
to  the  beat  of  the  sun  exp^mding  their  dimensions.  But  moi! 
recent  and  exact  obeervationa  have  shown  tbo  very  reverse  to  b( 
the  fact.  Comets  increase  their  apparent  volume  as  they  reoedl| 
from  the  sim ;  and  thia  is  a  law  to  which  there  appears  to  be  4i 
weU-ascertained  exception.  This  Angular  and  unexpected  phenoij 
menon  has  been  attempted  to  be  accounted  for  in  several  •WB.y^ 
VaU  ascribed  it  to  the  prujsaure  of  the  solar  atmosphere  acting  upo^ 
the  cornet^  that  atmosphere  being  more  dense  near  the  atmj  cu 
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presses  the  comet  and  dtminislies  ita  dimensloiis ;  And,  at  &  g^^ater 
distance,  being  relieved  from  this  coercion,  the  bod^  swells  to  its 
natural  buDf.  A  very  iugeDious  train  of  reasoning  wns  produced  in 
rapport  of  this  theory.  The  density  of  the  solar  atmosphere  and 
the  elHaticit J  of  the  comet,  being  assumed  to  be  such  as  tbev  might 
naturally  be  supposed,  the  Tariationa  of  the  comet*s  bulk  are  de- 
duced by  strict  reasoning,  and  phow  a  surprising  coincidence  with 
the  observed  change  in  the  dimensiona.  But  thia  hj-potbesia  is 
tainted  by  a  fatal  error.  It  proceeda  upon  the  suppotjition  that  the 
comet,  on  the  one  hand,  ia  formed  of  an  elastic  gas  or  vapour  j  and, 
on  the  other,  that  it  ia  impervious  to  the  solar  atmosphere  through 
which  it  moves.  To  establish  the  theory,  it  would  he  necessary 
to  suppose  that  the  elafitic  fluid  composing  the  comet  should  he 
surrounded  by  a  nappe  or  envelope  as  elastic  as  the  fluid  composing 
the  comet,  and  yet  wholly  impenetrable  by  the  solar  atmosphere. 

After  several  ingenioua  hjpothesea  •  having  been  pToposed  and 
•uoceedvely  rejected  for  explaining  this  phenomenon,  it  seems  now 
agreed  to  ascribe  it  to  the  action  of  tho  var^'ing  temperature  to 
which  the  vapour  which  composes  the  nebulous  envelope  is  eipoeed. 
As  the  comet  approaches  the  aun,  this  vapour  is  converted  bj 
intense  heat  into  a  pure,  tranaparent,  and  therefore  invisible  elastic 
fluid.  As  it  recedes  frt>m  the  sun,  the  temperature  decreasing,  it  is 
partially  and  gradually  condensed,  and  assumes  the  form  of  a  semi- 
transparent  visible  cloud,  as  steam  does  escaping  from  the  valve  of 
a  steam  boOer.  It  becomes  more  and  more  voluminous  as  the 
distance  from  the  source  of  heat,  and  therefore  the  extent  of  con- 
densation, is  augmented. 

627.  Vrofeaflor  8tniTe'»  drawliiffm  of  XnokLe'a  comet. — 
Profesaor  Struve  made  a  aeries  of  observations  on  iho  comet  of 
Eucke,  at  the  period  of  its  reappearance  in  1 828,  and  by  the  aid  of 
tho  great  Dorpat  telescope,  made  th©  drawinga  given  in  Plate 
XXIILj%t.  ]  and  2. 

Fiff.  1 ,  represents  the  oomet  as  it  appeared  on  the  ytb  of  November, 
the  diameters  a  b  and  c  d  meaaimng  each  1 8' .  The  brightest  part 
of  the  comet  ext^ended  from  a  to  r,  and  was  consequently  excentric 
to  it,  the  distance  of  the  Ventre  of  brightness  from  the  centre  of 
magnitude  being  jc  k.  Between  the  7th  and  the  30th  of  November, 
the  magnitude  of  the  comet  decrt^ased  from  that  represented  in^^.  1 , 
to  that  represented  in  Ji^.  2  ;  but  the  apparent  brightness  was  so 
much  increased,  that  at  the  latter  date  it  was  vtsibl©  to  the  naked 
eye  as  a  star  of  the  6th  magnitude.  The  appareint  diameter  was 
then  reduced  to  9^ 

•  For  several  of  these,  sec  Sir  J.  H«rw:her»  memoir  in  the  Jdenutirt  of  ifu 
Rogal  Aftrtmoa^ical  Society,  vol  vi  p.  104. 


i 


368 


A>STRONOMY. 


On  tb©  Jtb  of  November  a  star  of  tlie  t  ith  magnitude  waa 
through  tlie  comet,  so  near  the  centre  «  of  ibrightDeae  that  it  was 
a  momt^nt  miatahen  for  a  Ducleua.     The  brightness  of  the  star 
not  ia  the  least  perceptible  deorree  dimmed  by  the  mass  of  come 
matter  through  which  its  light  pos^d,  , 

It  was  erident  that  the  increase  of  the  brightness  of  the  conuj 
on  the  3  oth  of  November  must  be  ascribed  to  the  contraction,  azi 
conaequunt  coudtmsation,  of  the  nebuloufl  matter  comjwsiug  iti 
receding  from  the  aim,  for  its  distance  froiji  the  eaith  on  the  7th  1 
November,  when  the  nebulous  matter  subtended  an  angle  of  i8t 
wa&0'5l5  (the  earth's  mean  distanc(3  from  the  fiim  being  =  i) 
while  its  distance  on  the  30th,  when  it  aubtended  an  angle  of  9I 
waa  only  O'^jj.  Itn  cubical  dimensiooB  must,  then'fort\  hnm 
been  diminished,  and  the  density  of  the  matter  composing  it  augj 
mented,  in  more  than  an  eight-fold  proportion, 

628.  R«mar]La1ile  pby^Bloal  pbe&otxieaii  taaslfeatod  bj 
KtOley'a  comeU — The  expectation  so  genendly  entertained,  tha^ 
on  the  occasion  of  its  return  to  perihelion  in  1835,  this  coia^ 
would  affi^rtl  obBervera  occasion  for  obtaining  new  data,  for  tli 
foondation  of  some  satiafactory  Aiewa  reapecting  the  physical  coil 
etitutiou  of  the  claaa  of  which  it  is  so  sferiking  an  example,  was  oD 
disappointed.  It  no  sooner  reappeared  than  phenomena  began  |j 
be  manifested,  preceding  and  accompanying  the  gradual  formatioi 
of  the  tail,  the  obflervation  of  which  has  been  most  justly  reg^arda 
aa  forming  a  memorable  epoch  in  astronomical  history. 

Happily,  theeo  atrange  and  important  appearances  were  observe! 
with  the  greatest  zeal,  and  delineated  with  the  most  eluborate  ain 
scTupulous  fidelity,  by  several  eminent  astronomers  in  both  hemi 
spheresr  MM,  Bessel  at  Kcinigsberg,  Schwabo  at  Deaaau,  ani 
Struve  at  Pnlkowa,  and  Sir  J.  Herschel  and  Mr.  Maclear  *  at  tlii 
Cape  of  Good  Hope,  have  severally  published  their  observation^ 
accompanied  by  numerous  drawings,  exhibiting  the  successiT^ 
tranaformationa  presented  under  the  physical  intluenc©  of  var^-ial 
temperature,  in  its  approach  to  and  de|>arture  from  the  sun. 

The  comet  first  became  visible  as  a  small  round  nebula,  witho 
a  taO,  and  having  a  bright  point  more  intensely  luminous  than 
rest  excentrically  placed  within  it.  On  the  id  of  October  the  tafl 
began  tn  be  formed,  and,  increasing^  mpidlj,  acquired  a  length  o| 
about  5"  on  the  5th;  on  the  20th  it  attained  its  greatest  lengthy 
wtich  was  ao*.  It  began  after  that  day  to  decrease,  and  itd 
diminution  was  bo  rapid,  that  on  tha  29th  it  was  reduced  to  3*^ 
and  on  the  5th  of  November  to  2^°.    The  comet  was  observed  oa  thi 
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day  of  its  peiilaelioii  by  M.  Struve,  at  the  Observatory  of  Pulkowa, 
wlien  no  tail  whutever  was  Bppareat, 

The  circiimatADces  wliich  accompanied  tlia  increase  of  the  tail, 
from  the  2iid  of  October,  until  it^  disappearance,  were  extremely 
remarkable,  aad  were  observed  with  acTiipuloua  precisiont  f^iiuul- 
taneonaly  by  Beasel  at  Konigsberg,  by  Struve  at  Pulkowa,  and  by 
Schwabe  at  Deaaau,  all  of  whom  made  drawings  from  time  to 
time,  delineatini^  the  aucceseive  changes  which  it  nndt^rwent. 

On  the  2nd,  the  conumencement  of  the  formation  of  the  tail  took 
place  by  the  appearance  of  a  violent  ejection  of  nebidous  matter 
from  that  part  of  the  «>met  which  was  presented  to  wards  the  emi. 
This  ejection  waa,  however,  neither  uniform  nor  continuous.  Like 
the  fiery  matter  isamng  from  the  crater  of  a  volcano,  it  was  thrown 
out  at  intervals.  After  the  e;jection,  which  was  conspicuous,  ac- 
cording to  Besael,  on  the  2nd,  it  ceased,  and  no  efflux  waa  observed 
fox  several  days.  About  the  8th,  however,  it  recommenced  more 
violently  than  before,  and  assumed  a  new  form.  At  this  time 
Schwabe  noticed  an  appearance  which  he  denominates  a  "  second 
tail,"  presented  in  a  direction  opposed  to  that  of  the  ori^aaal  tail, 
and,  therefore,  towards  the  sun.  This  appearance  seems,  however, 
to  be  regarded  by  Beesel  merely  as  the  renewed  ejection  of  ne- 
bulous matter,  which  wan  afterwjuxis  tiLmed  back  from  the  sun  as 
smoke  would  be  by  a  current  of  air  blowing  from  the  sun  in  the 
direction  of  the  original  tail. 

From  the  8th  to  the  22nd,  the  form,  position,  and  brightness  of 
the  nebulous  emanations  underwent  various  and  irregulai  changes, 
the  last  alternately  increasing  and  decreasing. 

At  one  time  two,  at  another  three,  nebtdous  emanations  were 
observed  to  issue  in  divergent  directions.  These  directions  were 
continually  varying,  as  weE  as  their  compamtive  hiightneas. 
Sometimes  they  would  asaume  a  swallow-tailed  form,  resembling 
the  flame  issuing  from  a  fan  gas-burner.  The  principal  jet  or  tail 
was  also  obseri'ed  to  oscillate  on  the  one  side  and  the  other  of  a 
line  drawn  from  the  sun  through  the  centre  of  the  head  of  the  comet, 
exactly  as  a  compass  needle  oscillates  between  the  one  and  the 
other  side  of  the  magnetic  meridian.  This  oscillation  was  so  rapid, 
that  the  direction  of  the  jet5  was  viHibly  ehanged  from  hour  to  hour. 
The  brightness  of  the  matter  composing  Ihem,  being  most  intense  at 
the  point  at  which  it  seemed  to  be  ejected  from  the  nucleus,  faded 
away  as  it  expanded  into  the  coma,  curving  barkwanls,  in  the  di- 
rection of  the  principal  tail,  like  steam  or  smoke  beibre  the  wind. 

629.  fitniTe'a  Or^wiag*  of  the  comet  appro aeJalar  tl>«  sob 
In  ]L«3i.  —  These  curious  phenomena  will,  however,  be  more 
clearly  conceived  by  the  aid  of  the  admirable  drawings  of  M. 
Struve,  which  we  h&Td  reproduced  with  aH  practica^ble  Idelity,  in 
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Plate*  XX^V^  XXV.  and  XKYL    Thew  drawingra  were  executed 
hj  M,  Knigeri  an  eminent  artist,  firom  the  immediate  obaervfttioii 
of  the  appearancea  of  the  comet  with  the  great  Fraimhofer  telescope, , 
at  the  Pidkowft  Obsenatory.     The  sketches  of  the  artist  wenil 
collected  hj  the  aatronomer,  aad  ouly  adopted  definitively 
topeated  compariaoos  with  the  object.    The  original  drawings  avt^ 
preserved  in  the  library  of  the  obfter\"atoTy» 

630.  Zts  appearance  oa  Beptomlier  astb.^ — Plate  XXIV. 
Jl^,  If  represeatB  the  appemranc©  of  the  comet  on  the  29th  of 
September.  The  tail  was  difficult  to  be  recognised,  appearing  to 
be  composed  of  veiy  feeble  nebulous  matter.  The  nucleus  passed 
almost  centrically  over  a  star  of  the  loth  magnitude,  without  in 
the  alighteat  degree  afiecting  its  apparent  brightneas.  The  star 
was  distinctly  seen  through  the  densest  part  of  the  comet  Another 
transit  of  a  star  took  plaoB  with  a  like  result 

Anneifld  ia  the  Bcale  according  to  which  this  drawing  has  been 
made. 
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651.  AppasJ'a&ce  on  OctoTier  3.  — ThiB  is  represented  in  Jiff.  2, 
00  the  same  scale. 

The  comet  changed  not  only  its  magnitude  and  form,  but  also  its 
position  since  September  29-  On  that  day  the  direction  of  the  tail 
was  that  of  the  parallel  of  dedmation  through  tlie  head.  On  October 
3,  it  was  inclined  from  that  parallel  towards  the  north  at  a  small 
angle,  and,  instead  of  being  straight,  was  euired.  The  diameter  of 
the  head  was  increased  in  the  ratio  of  2  to  5,  and  the  length  of  the 
tail  in  the  ratio  of  nearly  l  to  3* 

632.  A.pp«araiice  00  October  S«  —  Plate  XXV.  ^.  K  Thi& 
drawing  is  ma<le  on  the  subjoin ed  scale  of  seconds. 
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On  the  5th,  6th,  and  7th  the  comet  uiiderweut  several  changes : 
the  nucleus  bf^narae  more  conspicuous.  On  the  6thjH  a  fan-formed 
jBame  issued  from  it,  which  disappeared  on  the  7th,  and  reftppeared 
on  the  8th  with  increased  eplendoiur,  as  represented  in  the  figure. 
The  nucleus  appeared  like  a  biu^ing  coal,  of  oblong  form,  and 
yellowish  colour.  The  extent  of  the  flame-likt*  emanation  was  about 
30".  The  feeble  nebula  surrounding  the  nuclei  extended  much 
beyond  the  limits  of  the  drawing,  but,  being  overpowered  by  the 
moonlight,  could  not  be  measured. 

633,  Appearance  en  October  9.— Plate  XXV.  ^,  2,  same 
■cole,  represents  the  nucleus  and  tlame-like  emanatioB|  which 
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entirely  chooged  their  form  and  magtiitude  since  the  preceding  night. 
The  tail  (not  included  in  the  drawing)  meaanred  very  nearly  2°, 
The  fiame  consisted  of  two  parts,  one  resembling  that  seen  on  tha 
8th,  and  the  other  isauing  like  the  jet  from  a  blow-pipe  in  a  direc- 
tion At  right  angles  to  it  The  figULre  represents  the  nucleus  and  flame 
&a  they  appeared  at  2 1**  aid.  time,  with  a  mat^ifying  power  of  254. 

634.  &iip«iinuio«  on  October  lO.  —  Plate  XX.V,Jig,  3,  on  the 
aome  scale.  The  tail,  which  still  meaiJured  nearly  2°,  was  now 
much  brighter,  being  viflible  to  the  naked  eye,  notwithstanding 
Btrong  moonlight.  The  coma  was  evidently  broader  than  the  tail. 
The  flaming  nucleus  is  represented  in  the  drawing  as  it  appeared 
under  a  mngnifying  power  of  86*  with  a  field  of  18'  diameter,  the 
entire  of  whicb  was  jlilled  with  this  coma.  The  diameter  of  the  latter 
must,  therefore,  hare  been  mote  than  1 8',  The  drawing  was  taken 
at  ith,  sidereal  time. 

635.  il.ppearan€e  on  October  12. «>  Plate  XXV.  Jtff.  4,  on 
the  same  scale.  The  comet  appeared  at  o"  25°  aid.  time  for  a 
ehort  inter\'al  in  uncommon  aplendour,  the  nucleus  and  flame, 
boweyer,  alone  being  risible,  as  lepresented  in  the  drawing. 
The  greatest  extent  of  the  flame  meaaured  6^"^j.  Its  appear- 
ance waa  moat  beautiful,  resembling  a  jet  streaming  out  from  tbe 
nucleiis,  like  flame  from  a  blow-pipe,  or  the  flame  horn  the  discharge 
of  a  mortar,  attended  with  the  white  smoke  drtren  before  the  wind. 

636.  Appeu-oiioo  on  Ootober  i.%* — Plate  XXV.^.  5,  on  the 
same  scale.  The  principal  flame  was  now  greatly  enlarged^  extend- 
ing to  the  apparent  length  of  1 34".  Its  deflection  and  curved  form 
were  most  rem^kable. 

637.  Appearasce  on  Ootober  29* — A  doudy  sky  prevented 
aU  obsen-ation  for  12  days.  On  the  27th,  the  comet  appeared  to 
tbe  naked  eye  as  bright  aa  a  star  of  the  third  magnitude,  the  tail 
being  distinctly  visible.  The  coma  surrounding  the  nucleus 
appeared  as  a  uniform  nebula.  The  tail  was  curved  and  of  great 
length ;  but,  owing  to  the  low  altitude  at  which  the  obserration 
was  taken,  it  could  not  be  meafiured.  On  the  29th,  however,  the 
comet  was  presented  under  much  more  favourable  conditions,  and 
the  drawings,  Plate  XXIV.  ^.  3,  and  Plate  XXTV'I.  Ji^.  l ,  were 
made.  Tbe  former  represents  the  entire  comet,  including  the  whole 
vbible  extent  of  the  tail,  and  is  dmwn  to  the  annexed  scale  of 

o*  w  atf  jtf  40* 

1 1  I  m  m  I  I I I f 

minutes,    Tbe  latter  represents  the  head  of  tbe  comet  only,  and  ia 
drawn  to  the  annexed  scale  of  seconds. 
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At  20**  30"  Bidereal  time,  the  heitd  presented  the  appsftraaow 
leprtiaeuted  in  Plate  XXVI.  j^*  1.  The  chief  comii  wii3  almost 
exactly  circular,  &ad  had  a  diameter  of  165".  With  a  power  of  198, 
the  nude  us  appeared  afl  in  the  figure,  the  diameter  being  about 
I "-2 5  to  I "'50,  The  ^me  issuing  from  the  nucleusj  curred  back 
like  ^moke  before  the  wind,  was  yery  conspicuous.  The  appearance 
of  the  fumiation  of  the  tail  aa  it  issues  &om  the  nucleua  was  re- ; 
markttbly  developed. 

638.  Appearance  on  iroTember  S.— Plate  XXYI.  Jiff,  2, 
Thia  drawing  represeata  the  nucleus  and  Hame  iasuing  from  it  on 
the  annexed  ocale  of  Beconds. 
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The  proper  nucleus  was  found  to  meaaure  about  2"*3.  Two 
flames  were  seen  Isiiuing  from  it  in  nearly  opposite  directiona,  and 
both  curved  towaida  the  same  Ride.  The  hrigliter  flame,  directed 
towards  the  north,  wna  marked  by  strongly  defined  edges.  Tlie 
other,  directed  towards  the  south,  was  more  feeble  and  ill-defined. 

659.  Sir  J.  Beractiert  deductiom  fbom  tlieie  j>heBome&a« 
— Sir  J,  Herschel,  who  also  oh^rved  this  comet  himself  ut  the 
Cape  of  Good  Hope,  makes  from  idl  these  observations  the  followingf 
inferencea. 

1.  That  the  matter  of  the  comet  vaporised  by  the  Bun*a  heat 
escapes  in  jets,  throwing  the  comet  into  irregular  motion  by  ltd 
reaction,  and  thua  cfinnging  ita  own  direction  of  ejection. 

2.  Thttt  ibia  ejection  takes  place  pnncipally  from  the  part  pre- 
sented to  the  Bun. 

3.  That  thu5  ejected,  it  encounters  a  resistance  from  some  im- 
known  force  by  which  it  is  repulsed  in  the  opposite  direction,  and 
fto  forma  the  tail, 

4.  That  this  acts  uneq^uaDy  on  the  cometary  matter,  which  ia 
not  all  vaporised,  and  of  that  which  is  a  cousiderable  portion,  ia 
retained  so  aa  to  form  the  head  and  coma. 

5.  That  thia  force  cannot  be  solar  gravitation,  being  contrary  to 
that  in  its  direction,  and  very  much  greater  in  its  intensity,  as  ta 
manifest  by  the  enormous  velocity  with  which  the  matter  of  the 
tail  is  driven  from  the  sun. 

6.  Thiit  the  matter  thua  repelled  to  a  distance  so  great,  from  a 
body  whose  mass  is  so  small,  must  to  a  great  extent  escape  &om 
the  feeble  influence  of  the  gravitation  of  the  mass  composing  the 
head  and  coma,  and,  unless  there  be  some  mom  active  agency  in 
operation,  a  large  portion  of  such  vaporised  matter  must  he  lost  in 
apace,  never  to  reunite  with  the  comet.  This  would  lead  to  the 
consequence,  that  at  every  passage  thmugh  its  perihelion  the  cvmet 
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would  lose  more  and  more  otita  vaporisable  constittients,  on  -which 
the  productioQ  of  the  coma  &nd  tiiil  deponda,  so  that,  at  eai-h 
BUCceasiTe  return,  the  dinieimionB  of  these  appendages  woiQd  be  less 
and  less,  as  they  have  io  fact  been  found  to  be. 

640.  Appearance  of  tlio  comet  after  perlbelloii.  —  On  re- 
ceding from  the  siui  after  it^  pmhelion,  the  comet  was  obsened 
uiider  verj  fdvourable  circumsttiuces  at  the  Cape  by  Sir  J.  n<?r8cbel 
and  Mr,  Mac-kar.  It  first  reappeared  there  on  the  24th  of  January, 
under  an  aspect  altogether  ditlierent  from  that  under  which  it  was 
seen  before  its  perihelion.  It  had  evidentlvj  a&  Sir  J.  Herschel 
thinkst,  undergiDne  aome  great  physical  cbangej  which  had  operated 
an  entire  transfonnation  upon  it. 

**  Nothing  could  he  nioro  Burpriaing  than  the  total  Chang's  which 
had  taken  place  in  it  since  October.  ...  A  new  and  im^ 
expected  phenomenon  hiid  developed  itself,  quite  uiiiq^ue  in  the 
hiatorr  of  cometa,  Within  the  well-defined  head,  *i>mewhflt  excen- 
trically  placed,  waa  a  vivid  nucleus  resembling  a  miniature  comet, 
with  a  head  and  tail  of  its  own,  perfectly  distinct  from  and  consider- 
ably exceeding  in  intensity  the  nebuloua  disk  or  envelope  which  I 
have  above  called  the  *  head/  A  minute  bright  point,  like  a  email 
star,  was  distinctly  perceived  within  it,  but  which  wea  never  quite 
80  well  defined  aa  to  ^ve  the  poaitive  assurance  of  the  existence 
of  a  solid  sphere,  much  less  could  any  phase  he  discerned." 

641.  Obserratlons  and  Urawinr*  of  lllei«r««  Maolear  and 
Smjrtli. — ^The  phenouienit  and  chjingea  which  the  comet  prG^euted 
firoiu  its  reappearance  on  the  24th  oi  January,  imtil  its  tinal  dis- 
appearance, have  been  described  with  great  cleam eaa  by  Mr, 
Maclearj  and  illustrated  by  a  beautiful  series  of  drawinga  by  that 
astronomer  and  hi*  assistant,  Mr,  Smyth^  in  a  memoir  which 
appeared  in  the  tenth  volume  of  the  Tramactiom  of  the  Mmjai 
AsfronomicQl  Saciettf,  from  which  we  reproduce  the  aeriea  of 
illu**trittiuaa  given  on  Plates  XX\T[I.  and  XXVITI. 

642.  Appearaooe  va  jiLaaax7  **. — ^Tlie  comet  appeared,  as 
in^.  I,  visible  to  the  naked  eye  a«  a  star  of  the  second  magnitude. 
The  head  waa  nearly  circular,  and  presented  a  pretty  well-defined 
planetary  di*»k,  encompassed  by  a  coraii  or  halo  of  delicate  gossamer- 
liie  brightness.  The  diameter  of  the  head,  without  the  halo  or 
coma,  measured  131",  and  with  the  latter  492". 

645.  Appearance  on  7anaaiT'  ^$-  —  ^^'  ^'  Circular  form 
broken,  and  mogTiitude  increased.  Three  stars  seen  through  the 
coma,  and  one  through  the  head. 

644.  Appeoraxsoe  on  JanuarT'  a«.  ^ — Fig,  3.  Magnitude 
again  incicaiaGdji  but  coma  diminished. 

*   Cupe  ObtervatwiUt  p.  397. 


374 


ASTRONOMY, 


645.  Apii«araiio«  od  J'&oiiary  Z7.  —  I^g,  4.  Comet  began  to 
aMiime  the  parabolic  forai,  and  increase  of  mftgnitude  coDtmu(*<L 

646.  A.pp«arBiioe  on  Jajanary  23^ — Fiff,  ^*  The  com  A  or 
halo  quite  mviailjk\  but  the  niicleiLs  appeared  like  a  faint  small 
fitar.  The  lUELgnitude  of  the  comet  continued  to  increase.  The 
observer  fancied  he  mw  tbo  faint  outline  of  a  tail, 

647.  Appearance  on  JauuaiT  SO.  —  Fiff.  6,  The  form  of 
the  comet  now  became  decidodly  parabolic.  The  breadth  across 
the  head  was  702",  beinp  preater  than  od  the  24th  in  the  ratio  of 
49  to  70,  or  7  to  lOj  which  correspondB  to  an  increase  of  volume 
in  the  ratio  of  1  to  3,  suppoainor  the  form  to  remain  unchanged ; 
but  it  was  estimated  that  the  extension  in  length  gave  a  miperticial 
incretae  in  the  ratio  of  5  ^  to  1 ,  which  would  correspond  to  11  much 
greater  augrmentation  of  volume. 

648.  Appearuice  on  rel»mu7  ^-  -^  Fig.  J.  Further  increase 
of  magnitude,  the  form  remaining  the  same. 

649.  App«Aranoe  on  Weihrtiaxy  7,  —  Plate  SX^IJL  ^^7.  I. 
The  comet  waa  on  this  night  rendered  faint  by  the  effect  of  moon- 
light 

6;o.  Appearaiie«  on  retiroair  ^o>  —  ^W-  2.  Further  in* 
creflAfi  of  volume.    A  star  visible  through  thy  body  of  the  comet 

651.  AppearoJioe  on  Vehrutay  16  and  23. —  Fi^g,  3,  4. 
The  magnitude  went  on  increaising.  while  the  iOumiuation  became 
more  and  more  faint,  and  thta  continued  until  the  comet^s  Bnal  dis- 
^  appearance  ;  the  outline,  after  a  short  time,  became  so  faint  aa  to 
be  loat  in  the  surrounding  darkness,  leaving  a  bland  nehuloua 
blotch  with  a  bright  centre  enveloping  the  nucleus. 

65Z.  iTiunber  of  cosiet*.— According  to  Mr,  Hind,  the  num- 
ber of  cojrietj?  which  have  appeared  since  the  birth  of  Christ  in  each 
Buccessive  cent\irv  'i»  aa  follows:  L,  22.;  II.,  23.;  III.,  44.; 
IV.,  27.;  v.,  16.;  VL,  2  J.  J  Vn.,  22.;  l^IL,  16.;  IX,  42.; 
X.,  26.;  XL,  36.:  XIL,  26.;  XIIL,  26.;  XIV.,  29,;  XV,  27.; 
XVr.,  %i.;  XVU.,  25. J  XVIIL,  64.;  XIX.  (first  half),  80. 
Total,  607. 

Since  the  beginning  of  the  second  half  of  the  present  century,  a 
period  of  ten  years,  no  less  than  3 1  new  comets  have  been  die- 
corered;  this  ariaea  most  probnhly  from  the  great  precision  of 
modem  astronomical  instnmientST  added  to  the  f  eal  and  devotion 
ghowu  by  astronomers  since  1S45,  in  endeavouring  to  increase  our 
knowledge  by  the  discovery  of  new  members  of  our  planetary  and 
cometary  aystoma. 

653.  Onratlou  oftbe  hpp«aranoe  ofeomet*. — Since  cometi^ 
are   viaible    only    near    their   perihelia,   when   their  velocity 
greatest,  the  duration  of  their  visibility  at  any  single  periheli( 
passage  is  generally  short.    The  longest  appearance  on  record 
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that  of  the  great  comet  of  1811,  which  continued  to  be  visible  for 
5  ]  o  days.  The  comet  of  1 825  wau  visible  for  twelve  months,  and 
othen  which  app«wed  since  hare  been  seen  for  eight  moDtha. 
In  geoeral,  however,  these  bodies  do  not  ccntiiiue  to  be  seea  for 
more  than  two  or  three  month;?. 

654.  Wear  approaoli  of  comets  to  tbe  earUi.  ^=  Considericg 
the  vaat  nnmberB  of  comets  which  have  paseed  through  the 
ay  stem,  such  an  incident  aa  the  collision  of  oue  of  them  with  a 
j^anet  might  seem  no  rery  improbable  cootingency.  Lex6ll''s 
comet  was  supposed  to  have  passed  among  the  satellitea  of  Jupiter ; 
and,  if  that  were  the  case,  it  ia  certain  that  the  motions  of  thefie 
bodiea  wore  not  in  the  leaat  affected  by  it.  One  of  thu  n^areat 
approach ea  to  the  earth  ever  made  by  a  comet  waa  that  of  the 
comet  of  1684.,  which  came  within  216  eemi-di  a  meters  of  the 
earth,  a  distance  not  eo  much  a&  four  times  that  of  the  moon.  The 
brilliant  C43met  of  1861  approached  very  near  to  the  earth  on  July 
30,  Its  tail  was  6uppose<l  to  envelop  our  glohe  on  that  day,  or  at 
least^  to  have  been  at  a  very  short  distance  from  ua. 


CHAPTER  XIX, 


TRB  nXKD  STABa.— ItAOMITUDV  A3tD  LtnmUB. 

65^.  CTTentloii  Dot  oirciuD«eiib«d  by^  tlM  aolmf  »Ymtem, — 

The  region  of  space,  vaat  as  it  is,  which  is  occupied  by  the  wjlar 
system,  forms  but  a  email  portion  of  that  part  of  the  material 
univeTse  to  which  scientific  inquiry  and  research  have  been  extended. 
The  inquisitive  Bpirit  of  man  has  not  rested  content  within  Buch 
limits.  Taking  ita  stand  at  the  extremitiea  of  the  syatem,  and 
throwing  its  searching  glance  toward  the  interminable  realms  of 
space  which  extend  beyond  them,  it  atill  aalcB — What  lies  there  P 
Has  the  Infinite  circumacribed  the  exercise  of  his  creative  power 
within  these  precincta — and  has  He  left  the  unfathomable  depths 
of  space  that  stretch  beyond  them  a  wide  solitude?  Has  He 
whose  dwelling  ia  iinmensiiy,  and  whose  prosence  is  everywhere 
and  eternal,  remained  inactive  throughout  regions  compared  with 
which  the  aolar  fiystam  shrinks  into  a  point  P 

Even  though  scientific  research  ahoidd  have  left  ns  without 
definite  information  on  these  questions,  the  light  whicli  has  been 
shed  on  the  Dmne  character,  aa  well  by  reason  aa  by  revelation, 
would  have  filled  us  with  the  aaaurance  that  there  is  no  part  of 
space  however  remote,  which  must  not  teem  with  evidences  of 
exalted  power^  inexhaustible  wisdom^  and  untiring  goodness. 
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But  scieDce  hoB  not  so  deserted  ua  It  has,  on  the  contraiyi" 
tupplied  us  with  much  interesting  information  respectiDg  regions 
of  the  imiverse,  the  extent  of  which  is  so  great  that  even  the 
whole  dimensions  of  the  solar  system  supply  no  modulus  suffi- 
ciently great  to  enable  lis  to  express  their  magnitude. 

656,  The  solar  sj-slvxa  snrroimded  bjr  a  vast  but  llmlteil 
▼old. —  We  are  furnished  t^-ith  a  variety  of  evidence,  establishing 
incontestably  the  fact,  that  around  the  solar  system  to  a  vast  dis- 
tance on  every  side  there  exists  an  unoccupied  space  j  that  th© 
solar  system  stands  alone  in  the  midet  of  a  vast  solitude^  It  has 
been  shown,  that  the  mutual  graTitation  of  bodies  placed  in  the 
neighbourhood  of  each  otherj  is  betrayed  by  its  effects  upon  their 
motions.  If,  therefore,  there  exists  beyond  the  limits  of  the  solar 
systamj.  and  within  a  distance  not  so  great  as  to  render  the  attrac- 
tion of  gravitation  imperceptible,  any  mass  of  matter,  such  as 
another  sun  like  our  own,  such  a  mass  would  undoubtedly  exercise 
a  disturbing  force  upon  the  various  bodies  of  the  system.  It  would 
cause  each  of  them  to  moTo  in  a  manner  diB'erent  from  that  in 
which  it  would  have  moved  if  no  such  body  existed. 

Thus  it  appears  that,  even  though  a  mass  of  matter  in  our 
neighbourhood  should  escape  direct  obsen-atioo,  its  presence 
would  be  inevitably  betrayed  by  the  effects  wliich  its  gravitation 
would  produce  upon  the  planets.  No  such  etfecta,  howe^'er,  are 
discoverable.  The  planets  move  as  they  would  move  if  the  solar 
syst-em  were  independeot  of  any  external  disturbing  attraction. 
These  motions  are  such,  and  such  only,  as  can  be  accounted  for  by 
the  attraction  of  the  sim  and  the  reciprocal  attraction  of  the  other 
bodies  of  the  »)*atem.  The  inference  from  this  is,  that  there  does 
not  exist  any  maaa  of  matter  in  the  neighbourhood  of  the  solar 
fiyatem  within  any  distance  which  permits  such  a  mass  to  exercise 
upon  it  any  discoyerablp  disturbing  influence ;  and  that  if  any  body 
analogous  to  our  »Mn  exists  in  the  universe,  it  must  be  placed  at  a 
distance  so  great,  that  the  whole  magnitude  of  our  system  will 
shrink  into  a  point,  compared  with  it 

657.  Orders  of  mnfnltude  of  tli«  attu-a. — Among  the  mul- 
titude of  stars  dispersed  over  the  firraament,  we  find  a  great  variety 
of  splendour.  Those  which  are  the  brightest  and  largest,  and  which 
are  said  to  be  of  the  ^rst  magrntudc^  are  few ;  the  next  in  order  of 
brightness,  which  are  called  of  the  second  magnitude,  are  more 
nnmerouLB;  and  aa  they  decrease  in  brightness  their  number  rapidly 


The  number  of  stars  of  the  first  magnitude  does  not  exceed  twenty- 
four;  the  second,  fifty;  the  third,  two  hundred;  and  so  on,  the 
number  of  the  smalleet  visible  without  a  telescope  being  from  I  l^OOO 
to  15,000, 
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The  stars  wHich  are  cepabia  of  being  aeen  by  tbe  oaked  eje  are 
UBufllly  resolved  into  seven  orders  of  magnitude — the  first  being-  the 
brighteet  and  largest,  while  those  of  the  aeveiith  magnitude  are  the 
smalleat  that  the  eye  can  dii^tiQctly  see. 

6<;8.  Tbeie  vaiietlca  of  mmffnltiiae  caused  oliiefix^J  dlSb- 
r«aoe  ordistimoe, — Are  we  to  euppose,  then,  that  this  relative 
briglitnesa  which  we  perceive,  really  ariaes  from  any  difFerence  of 
intrinsic  splendour  between  the  objects  tbemBelres  ?  or  does  it,  a.s 
it  may  equally  do,  arise  {mm  their  difference  of  distance  f  Are 
the  stars  of  the  seventh  magnitude  bo  much  less  brigbt  and  con* 
spicuous  than  those  of  the  first  magnitude,  becaoae  they  are  really 
Bmaller  orbs  placed  at  the  same  distance  P  or  becntme  being 
iDtrinmcally  equal  in  splendour  and  magnitude,  the  distance  of 
those  of  the  seventh  magnitude  ia  so  much  greater  than  the  distance 
of  those  of  the  first  magnitude  that  they  are  dimimslied  iu  their 
appiuent  brightneas  P  We  know  that  by  the  laws  of  optics  the 
light  received  from  a  luminous  object  diminishes  in  a  very  rapid 
proportion  as  the  diatanco  increases.  Thus  at  double  the  distance  it 
will  be  four  times  less,  at  triple  the  distance  it  will  be  nine  times 
less,  at  a  hundred  times  the  distance  it  wUl  be  ten  thousand  times 
less,  and  so  on. 

It  is  evident,  then,  that  the  great  variety  of  lustre  which 
prevails  among  the  stars  may  be  indifTerently  explained,  either 
by  supposing  them  objects  of  different  intrinsic  brightness  and 
magnitudei  placed  at  Uie  same  distance;  or  objects  generally  of 
the  aame  order  of  magnitude^  placed  at  a  great  diversity  of  dis- 
tances. 

Of  these  two  suppositions,  the  latter  is  infinitely  the  more  pro- 
bable and  nfttiu*al ;  it  has,  therefore,  been  usually  adopted :  and  we 
accordingly  consider  the  stars  to  derive  their  variety  of  lustre  almost 
<)ntirely  from  their  places  in  the  universe  being  at  various  distances 
from  us. 

659.  Stars  as  distant  ftom  ea.e1i  otber  grflnerally-  as  thear  ^re 
nrom  tbe  mam* — Taking  the  Btai-s  gpnerally  to  be  of  intiinsicftlly 
equal  brightness  ^various  theories  have  been  proposed  as  to  the  posi- 
tions which  would  eiplftin  their  appearance ;  and  tbe  most  natural 
and  probable  is,  that  their  distances  from  each  other  are  generally 
equal,  or  nearly  so,  and  correspond  with  the  distance  of  our  sun  from 
the  nearest  of  them.  In  this  way  the  fact  that  a  small  number  of 
stars  only  appear  of  tbe  first  magnitude,  and  that  the  number  in- 
creases very  rapidly  as  tbe  magnitude  diminishes,  ts  easily  rendered 
intelligible. 

660.  W^j  Stars  liier«wie  In  nmnliei:  aa  t]i«j-  deer«Mwe  la 
msfrnttnde.^^If  we  imagine  a  person  standing  in  tbe  midst  of  a 
wood,  surrounded  by  trees  on  every  side,  and  at  every  distance,  thoeo 
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which  immedifttely  surround  him  will  be  few  ta  lumber^  and  by 
proximity  will  appear  lai^.  The  trujaks  or  stumps  of  those  wMcJcl 
occupy  a  drcuit  beyond  the  former,  will  be  mor©  niinieraus,  th« 
circuit  bebg  wider,  and  wiO  opp^or  smaller,  beiause  their  distance 
ia  greater.  Beyond  these  again^  occupying  a  still  wider  circuit,  will 
appear  a  proportionaDy  augmented  number,  whose  apparent  mag- 
nitude will  again  be  dimiaiahed  by  increased  distance ;  and  thita 
the  trees  which  occupy  wider  and  wider  circuits  at  greater  and 
greater  distaaoea  will  be  more  imd  more  numerous,  and  will  appear 
continually  smaller.  It  ia  the  same  with  the  stars ;  we  are  placed 
in  the  midst  of  an  tnmien&e  cluster  of  auns,  aurroimding  us  on  evfciy 
aide  at  inconceivable  distances.  Those  few  which  are  placed  im- 
mediat-ely  about  our  syBtem,  appear  bright  and  large,  and  we  call 
them  «ti*r*  ftfihejird  ttujffuititd^.  Tho&e  which  lie  in  the  circuit 
b«yi>ud,  and  occupy  a  wider  range,  are  inore  numerous  and  le«< 
bright;  and  we  call  them  dar^  of  the  Mcond  viagnitude.  And  there 
U  thus  a  progression  increaaing  in  number  tmd  distance  and  dimi* 
nishing  in  brightneaa  until  we  attain  a  distance  so  great  that  tho 
stars  are  barely  visible  to  the  naked  eye.  This  is  the  limit  of  visioiu 
It  ii  the  limit  of  the  range  of  the  eye  in  its  natural  condition  ;  hnt 
an  eye  has  been  given  ua  more  potent  atill,  and  of  infinitely  wider 
range, — the  eye  of  the  mind.  The  telescope,  a  creature  of  the  un- 
derstanding, has  conferred  upon  tho  bodily  eye  an  infinitely  aug- 
mented range,  and,  as  we  shall  presently  see,  has  enabled  ua  to 
penetrate  into  realms  of  the  uni  verse,  which,  without  its  aid » would 
never  have  been  known  to  ua*  But  let  us  pause  for  the  present,  and 
dwell  for  a  momt^nt  upon  that  range  of  apace  which  cornea  within, 
the  scope  of  natural  vision. 

66 1.  "Wliat  are  tlie  fixed  atanf  —  The  extent  of  the  stellar 
imiverse  visible  to  the  naked  eye,  and  the  arrangement  of  stars  in 
It  and  their  relative  distances,  have  just  been  explained.  But 
curiosity  will  be  awakened  to  discover,  not  merely  the  position  and 
ammgement  of  those  bodies,  but  to  ascertain  what  is  their  nature, 
and  what  parts  they  play  on  the  great  theatre  of  creation.  Are 
they  analogoufl  to  our  planets  ?  Are  they  inhabited  globes,  warmed 
and  illuminated  by  neighbouring  sima  P  Or,  on  the  other  hand, 
are  they  themselves  suiis,  dispensing  light  and  life  to  systems  of 
BUrrgundiog  worlds  ? 

662.  tfeleusopes  do  out  m^gmlfy  tbem  like  tbe  planeti*— ^ 
When  a  telescope  ia  directed  to  a  star,  the  effect  produced  is  strik-j 
ingly  different  from  that  which  we  find  when  it  ia  applied  to  a 
planet,  A  planet  t«  the  naked  eye,  with  one  or  two  exceptions, 
appears  like  a  common  star.  The  telescope,  however,  immediately 
presents  it  to  us  with  a  distinct  circular  disk  similar  to  that  which 
the  moon  o^re  to  the  naked  eye,  and  in  the  case  of  some  of  the 
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plflneM  a  powerful  telescope  -will  make  them  appear  of  coimidefT^ 
able  magnitude.  But  the  effect  La  very  different  iudeed  when 
the  same  iostmraent  is  directed  even  to  the  brightest  star.  We 
find  that  instead  of  mB.^ifjingf  it  actually  diiuiuishes.  There  is 
an  optical  illueion  produced  when  we  behold  a  star,  which  makes 
it  appear  to  us  to  be  eiurroiinded  with  a  radiation  which  causes  it 
to  be  lepreaented  when  drawn  on  pai^er,  by  a  dot  with  rays  diverg- 
ing on  every  eide  from  it.  The  effect  of  the  tt^lciscope  ia  to  cut  off 
this  radiation,  and  present  to  us  -the  star  as  a  mere  im-id  poitttj 
having  no  senaible  magnitude  ^  nor  cwa  any  augmented  telescopic 
power  which  hns  yet  been  reeorted  to^  produce  any  other  effect 
Teteaoopic  powers  amounting  to  six  thoua^ind  were  occaaioually 
used  l>y  Sir  William  llerschel,  aud  he  stated  that  with  these  the 
apparent  magnitude  of  the  stiu^  seemed  kss,  if  possible^  than  with 
lower  powera. 

663.  Tlie  abaence  of  a  disk  proved  by-  tbelr  occoltatlon  by 
tik0  mooii.,  —  We  have  other  proofs  of  the  fact  that  the  atars  have 
no  sensible  disks,  among  wliifh  may  be  mentioned  the  remarkable 
effect  called  the  occultation  uf  a  atar  hy  tktj  dark  edge  of  the  moon. 
When  the  moon  ia  a  cres^^'ent  or  in  the  <|uartcrs,  as  it  movea  over 
the  firmameutj,  its  dafk  edge  ftuoeettsively  approachea  to,  or  recedes 
from  the  stars.  And  from  time  to  time  it  happens  tliiit  it  pasees 
between  the  ataxs  and  the  eye,  If  a  stuur  had  a  sensible  disk  in 
this  case,  the  edge  of  the  moon  would  gradually  cover  it,  and  the 
star,  instead  uf  being  instantaneously  extingimihed,  would  gradu- 
ally dianppt-ar.  This  iarfound  not  to  be  the  case;  the  star  preserves 
idl  its  lust w  until  the  moment  it  ix»ujes  into  contact  with  the  dark 
edge  of  the  m<ion's  dliik,  and  then  it  is  instantly  extinguished^ 
witliout  the  filjghto't  appf^nninre  of  diminution  of  iti*  brifrhtnt-ss. 

664.  M««iilit|:  of  tbe  term  inacnitude  ^  applied  to  atarfl. 
—It  may  be  aaked  then,  if  such  be  the  case,  if  none  of  the  stars, 
great  or  small,  have  any  discoverable  magnitude  at  all,  with  what 
meaning  can  we  speak  of  stars  of  the  first,  second,  or  other  orders 
of  mrigiiitude  ?  The  term  magnitude  thus  applied,  was  used  before 
the  invention  of  the  telescope,  when  the  sfcam, having  been  observed 
only  with  the  naked  eye,  wem  really  auppoeed  to  have  different 
magnitudes.  We  mu&t  accept  the  terra  now  to  express,  not  the 
comparative  magnitude,  but  the  i-oniparative  brightness  of  the  stAra. 
Thus  a  star  of  tlie  first  magnitude,  means  of  the  greatest  apparent 
brightness ;  a  star  of  the  second  magnitude,  means  that  which  has 
the  next  degree  of  splendour,  and  so  on.  But  what  are  we  to  infer 
frttm  this  singular  fact,  that  no  magnifying  power,  however  great, 
will  exhiljlLt  to  us  a  star  with  any  sensible  magnitude?  must  we  ad- 
mit that  the  optical  instrument  loses  its  magnif)'ing  power  when  ap-» 
piiKd  to  the  starsj  whileitreUiins  it  with  everj-  other  visible  object? 
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Such  a  consequence  would  be  eminently  thgnid.  We  are  ther&- 
foi^  dnTen  to  &n  inference  regarding  tbe  magnitude  of  atam^  aa 
astoniahing  and  olTiiost  as  inconceivable  iis  thnt  wbieh  was  forced 
upon  UB  iL^apecling  their  dietHncea.  We.  saw  that  the  entire  mag- 
nitude  of  the  annual  orbit  of  the  earth,  stiipendoua  as  it  is,  woa 
nothing  compared  to  tbe  distance  of  one  of  those  bodies,  and  conse- 
quently if  that  orbit  were  fiOed  by  a  sun,  whone  magnitnde  would 
tiierafore  be  infinitely  greater  than  that  of  ours,  siifh  a  aun  would  not 
appear  to  an  observer  at  the  nearest  star  of  greater  magnitude  than 
I "  \  consequently  it  would  bavt>  no  magnitude  sensible  to  the  eye, 
and  would  appear  as  a  mere  lucid  point  to  an  observer  at  the  star  1 
We  are  then  prepared  for  the  inference  respecting  tbe  fixed  atara 
whiiib  telescopic  ob&ervationa  lead  to.  The  telescope  of  Sir  Williajxi 
Ileracbe!,  to  which  he  applied  a  power  of  six  thou/wind,  did  im- 
doubtedly  magnify  the  stars  six  thoiisaDd  times,  but  even  then  their 
apparent  magnitude  was  inappmciablo.  W^e  are  then  to  infer  that 
the  distance  of  these  wonderful  bodies  is  so  enonuous  compared 
with  their  achial  magnitude,  that  their  apparent  diameter,  seea 
£rom  our  fiystem,  is  above  six  thousand  t;^mea  leas  than  any  which 
the  eye  is  capable  of  perceiving* 

66^.  Vrh.y  «tar«  xnajr  be  reuiilereil  |jaiperoe>iitl1>l»  bj  tbelr 
dlatance*— It  appt  ai-s,  Iherelbre,  that  stars  are  rendered  eeaaible  to 
tbe  eyej  not  by  subtending  a  sensible  angle,  but  hj  the  light  they 
emit.  An  illuminated  or  luminous  object,  such  for  example  as  the 
B)m,  has  the  same  apparent  brightness  at  all  distances,  and  eonse- 
qiiently,  the  quantity  of  light  which  the  eye  of  an  observer  receives 
from  it  being  in  tbe  exact  mtio  of  the  apparent  area  of  its  visual 
disk,  IS  inversely  as  the  square  of  its  distiujce.  It  remains,  however, 
t<>  be  explained  how  it  can  be  that,  after  it  ceases  to  have  a  diak  of 
sensible  diameter,  it  does  not  cease  to  be  visible.  This  arises  from 
tht?  fact  that  the  luminous  point  constituting  the  image  on  the 
retina  is  intrinetcally  as  bright  as  when  that  image  has  a  large 
and  sensible  magnitude.  The  eye  is  therefore  sensible  to  the  light, 
though  not  sensible  to  the  magnitude  of  the  imi^^  and  it  continues 
to  be  sensible  to  tlie  light,  until  by  increase  of  distance,  tbe  light 
which  enters  the  pupil  and  is  colle«tod  on  the  retina,  though  still  as 
intense  in  its  brilliancy  as  before,  is  ao  email  in  its  quantify ^  that  It 
is  insufficient  to  produce  sensation. 

666.  ClaaalfioAtion  of  mtmn  117  marnltiKlea  axDltnur  <>Lii<t 
tnsufflcrleDt« — ^The  distribution  of  the  stars  visible  to  the  naked 
eye  into  seven  orders  of  magnitude,  has  l>een  so  long  and  so  generally 
received,  and  is  referred  to  so  universally  in  the  works  of  aatrono- 
mera,  ancient  and  modem,  that  it  would  be  impossible  altogether  to 
supersede  it,  and  if  possible,  such  a  change  woiUd  be  attended  with 
great  inconvenience.  Xevertheleas,  this  clafisificalion  is  open  to  many 
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objectioDj,  and  is,  fram  its  looseQeas  and  want  of  defbitenesa  and 
precision,  in  eingular  discordance  with  the  actual  atate  of  astrono- 
tnicai  science.  The  stara  which  abound  in  such  countless  numbers 
on  the  firmament;  are  of  infinito  gradationfi,  ham  that  of  SiriuA,  the 
most  splendid  ©hjeet  of  this  daae,  to  the  moet  faint  stara  which  the 
eharpest  and  most  practised  eye  can  diatingu,i3h  oa  the  darkest  and 
clearest  night.  To  diiitribute  such  a  series  so  imperceptibly  decreas- 
ing ia  splendour,  into  aevea  orders  of  magnitude,  must  obviously  be 
an  arbitrary  process,  in  which  no  two  obBervers  could  possibly  agree. 
There  are  no  natural  breaks  of  continuity  by  which  the  stars  of  the 
first  mapraitude  could  he  separated  from  those  of  the  second,  the 
second  from  those  of  the  third,  and  so  on.  WTiatever  be  the  stars 
assigned  to  any  class,  the  bright^ist  will  be  uiidiytiuguishable  from 
the  faintest  of  those  of  the  next  superior  ma^itude,  and  the  faintest 
will  be  equally  undistin^uishablu  from  the  hrlght^t  of  the  next 
inferior  magnitude. 

The  stara  assigned  to  any  order  of  magnitude,  must  in  such  a 
classification  differ  greatly  one  from  another  in  brightness. 
Thus,  of  the  24,  or  25  stars  that  are  usually  assigned  to  the 
first  magnitude  in  the  received  claauiiicatiun,  Sinus,  the  bright- 
est, is  about  four  times  as  bright  as  a  Centauri,  which  may  be 
taken  as  the  type  of  the  average  brightness  of  stars  of  this  magni- 
tude. 

667.  XmiiQrtfuiOA  of  more  exuot  ostr  nine  trie  expedients.  — 
When  it  is  considered  that  the  exact  ratio  of  the  apparent  lustre 
of  the  stars,  combined  with  their  parallaxes  when  the  latter  are 
known,,  supplies  the  data  by  which  the  absolute  splendour  of  these 
bodies  may,  as  will  presently  appear,  be  calculated ;  and  further, 
that  they  may  be  ihua  broup^ht  into  immediate  numerical  com- 
parison with  the  8UU,  wLiuh  is  itself  only  an  individuid  of  the 
same  claas  of  bodies,  the  importance  of  the  expedients  for  the 
more  exact  estimation  of  their  relative  lustre,  and  a  more  precise 
boaia  of  claasilicadoQ  as  to  upparent  magnitude,  cannot  fail  to  be 
felt  and  acknowledged-  The  importance  of  this  is  rendered  still 
greater  by  the  consideration  that  the  parolliut  of  a  very  small 
number  of  stars  being  found  to  have  appreciable  maguitudep  the 
comparative  lustre  of  these  bodies  taken  in  the  maaa  is  the  only 
ground  \ipon  which  any  estimate  of  their  relative  distaneea  can  be 
detenuitied;  and  when  the  large  number  which  are  subject  to 
observation  is  considered,  and  the  impmbability  of  their  diflering 
greatly  in  intrinsic  magnitude  taken  collectively  in  classes,  it  must 
be  admitted  that  their  relative  apparent  brightness  cannot  fail 
to  be  a  tolerably  exact  exponent  of  their  comparative  distances. 

663.  JLstroiaeter  contrlTed  and  appUed  by  Blr  J»  SencbeL 
—  During  his  residence  at  the  Cape,  Sir  X  Ilerscbel  contrived  an 
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apparatiiB  for  the  more  exact  determi nation  of  the  relntire  liiatre 
of  the  fltarfi,  and  iipplied  it  with  jfryat  advantApre  to  the  det4.'niu- 
nation  of  tho  relatlT©  brij^^htucas  of  a  considerable  number  of  thr«8e 
objected    This  apparatus  consisted  of  a  iwtangular  ^laas  prism, 
and  a  leos  so  mountt'd  that  two  ctdestiAl  objects  inlfifht  be  seen  in 
ju-xtApt>8ition,  one  directly,  and  the  other  by  reflection  and  tnuia- 
miaaioo  throuj?h  the  prism  and  lens^  the  appftrent  brightness  of  the 
lattijr  beiiif?  capnblp  of  being  varied  at  pleasure  by  the  observer,  so 
that,  by  proper  adjustrnf^uts,   the  two  objects  thus  seen  may  bo 
rendered  sensibly  equal  ic  brightness.    When  this  is  accomplished, 
the  ammpements  of  the  apparatus  are  such,  that  by  niL-asuring  the 
distance  of  the  eye  of  the  observer  from  the  forus  of  tlie  lens,  a 
measnre  may  be  obtained,  by  which  the  comparative  liij^tre  of  any 
objects  to  which  the  apparatus  may  bo  successively  directed  may 
be  deterrained. 

To  render  this  intelligible,  let  p,  Jig*  96^  represent  the  lec- 
tang^ilar  prism,  one  of  the  faces  of  which  is  placed  so  as  to  receive 

^^Hl 

^■^B^Ih 

a  pencil  of  rays  passing  from  a  distant  object  J  perpendicularly 
tipon  it.     These  rays  are  t*>tally  rejected  (O.  Jio)  by  the  bat^-k  of 
tlie  prism  ut  Pj  and  omtjrging  from  the  other  face  of  the  prism,  are 
ruceivLMi  ujxm  the  lens  L,  and  brought  to  a  ftH'us  f,  as  if  they  came 
from  the  direction  P  F.     Tbe  piirallel  p-encil  is  thus  converted  into 
a  divyrg^nt  pencil,  of  which  F  is  the  fucuSj  and  the  point  Y  will 
appear  to  an  eye^  phu'cd  anywhere,  aa  at  e,  within  the  limits  of 
the  divergent  pem^il  as  a  star,  the  apparent  brightnosa  of  which 
will  be  more  or  less  according  as  the  eye  ia  nearer  to  or  more  dis- 
tant from  F.     It  results  from  the  principles  of  optics,  that  the 
apparent  brightness  of  the  focal  point  F  will  be  inversely  as  the 
•q^uare  of  the  distance  E  p  of  tbe  eye  from  this  point.     If,  then,  m 
express  the  apparent  luatm  of  p  when  tbe  eye  is  at  the  unit  of 
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distance  fruui  it,  m  divided  by  b'  will  expresa  its  appurent  lustre 
when  the  eye  ia  at  the  distance  D. 

Let  U9  now  suppose  the  apparatus  bo  arranged  in  its  posltioQ 
that  whil«  the  eye,  placed  within  the  divergent  pencil,  a<>efl  the 
focua  Fp  it  may  also  aee,  in  jtixtapoaition  with  it,  a  itar  % 
wiiose  ItiAtre  ia  to  be  determined.  Lot  the  ey«  be  moved  to  or 
from  F  until  the  lustre  of  th*3  «tar  becomes  aensibly  e^ual  to  that 
of  F-     If,  then,  the  lustre  of  the  ator  be  expressed  by  8,  wo  shaiR 

■  =  F.- 

Let  the  appftratus  be  then  directed  to  another  star,  whose  lustre 
b'  is  to  be  compared  with  the  former,  and  let  the  eame  operation  be 
Tep^jited,  the  distimce  of  the  eye  fk>m  f  being  so  regulated  as  to 
render  the  apparent  lustre  of  the  point  F  equal  to  that  of  the  second 
star.  The  distance  of  the  eye  firora  f  being,  in  this  case,  expressed 
by  ]/f  we  shall  then  have 


s'  = 


and  consequentlji 


^*=  rrt 


that  is  to  say,  the  apparent  luutrefl  of  the  two  Btars  are  in  the  in- 
verse numerical  ratio  of  the  squares  of  the  distances  of  the  eye 
from  r,  which  would  render  the  apparent  lustre  of  f  equal  to  those 
of  the  stars  re(*pectively. 

In  the  aeries  of  obsenations  made  at  the  Cape  by  Sir  J.  Herschel, 
the  moon  was  the  object  withwhick  the  stara  were  thus  compared. 
Tbe  planet  Jupiter  would,  perhaps,  be  more  convenient ;  but  any 
object  which  would  retain  an  invfiriable  brightnosa  during  the  short 
interval  necessary  for  the  comparison  of  the  stars  under  observation 
would  starve  the  purpose. 

In  this  manner,  Sir  J.  Herschel  ascertained  numerically  the  com- 
parative brigbtnesfl  of  a  considerable  number  of  stars  of  preuter 
magnitude  than  the  fourth,  and  has  given,  in  his  **Capfi  Ohserva- 
ti(m»"  a  catalogue,  exhibiting  the  relative  magnitudes  to  two  places 
ofdei-imala, 

669 «  Prtnolpl«  on  wblch  tlie  smcoe salve  OFdera  of  atellftr 
kaaffiUtufie  Alioiild  be  baaed.  —  Astro nomers  are  not  agreed  as 
trj  the  optical  conditions  by  which  the  successive  ordera  of  stellar 
magiiitudea should  be  tixed.  It  might  appear,  at  Hrst  view,  that  a 
star  of  the  second  mapiiitudf*  ought  to  have  one-half  the  brightness 
of  one  of  the  fir^t  nin^mitudc,  ihrtt  a  star  of  the  third  magnitude 
ought  to  have  one-third  of  the  brightness^  and  &o  on. 
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But  siidh  a  proportion  would  not  be  at  all  in  nc^^ordance  with  the 
common  clft38ii]ca.tion  of  miigmitudes. 

The  raoro  genemlly  received  condition  has  been  a  tuccession 
of  magnitiidea,  such  as  a  star  of  a  given  intrinsic  lustre  would  have 
if  removed  to  a  eeriea  of  distancea  iocreaaing  in  arithmetical  pro- 
gresfiioD.  Thua,  Btora  of  the  first  magnitude  would  bo  at  the  unit 
of  atelkT  distance  j  tho«e  of  the  second  roagTiitude  would  have  a 
lustre  due  to  twice  this  distance  ;  those  of  the  third  moj^itude^  to 
thre«  times  this  distance,  and  so  on*  Now,  since  the  apparent 
lustre  of  an  object  ia  in  thfi  proportion  of  the  inver&e  square  of  the 
distance^  it  would  follow  tluit,  in  tiiia  system  the  succession  of 
brightness  would  be  as  the  numbers  i,  |,  J^,  -^^  and  so  on. 

Meanwhile,  whatever  may  be  the  principle  adopted  for  this  claa- 
aiiicationp  the  nfilrometric  expedieot  contrived  by  Sir  Jobu  Herschel 
being  suificient  for  the  numerical  a^timation  of  the  relative  brigbt- 
uetaea  of  ditlerent  stars,  it  will  be  sulRcient  to  determine  a 
variety  of  interesting  and  important  problems  respecting  the  ab- 
solute lustre  and  magnitudes  of  those  objects,  not  only  compared 
with  each  other,  hut  with  the  sun. 

670.  ComparatlTe  Inatre  of  a  Cdntaixrt  wltli  tliat  of  the  mil 
moon.  —  By  m*mii3  of  the  instrument  described  iibove,  Sir  J. 
Herschel  compared  the  fidl  moon  with  certain  fixed  stars,  and 
aaceTtained,  by  a  mean  of  eleven  observations,  thiit  ite  lustre 
bore  to  that  of  the  star  «  Centauri  which  he  selected  as  the  standard 
star  of  the  first  maf^iitude,  the  ratio  of  27,408  to  l  j  in  other  words, 
he  showed  that  a  cluster  consisting  of  27,408  atara  equal  in  bright- 
ness to  that  of  a  Contaiuri  would  give  the  same  light  as  the  full 
moon. 

671.  Gompu^oD  of  tbe  Imtre  of  tbe  full  moon  wltli  thmt 
of  tlio  aun. —  Dn  WoUaston  by  certain  photometric  methods 
which  are  considered  to  have  been  susceptible  of  great  precision, 
compared  the  light  of  tbe  sim  with  that  of  the  fidl  moon,  and  found 
that  the  ratio  was  801,072  to  i  :  or  in  other  words,  that  to  obtain 
moon-light  as  intense  in  its  lustre  as  sun-light^  it  would  be  neces- 
sary that  801,072  full  moons  should  be  stationed  io  the  firmament 
together. 

672.  CtttDpHiigoa  ftf  tht  ciiit'a  Ugbt  wltli  tbat  of 'x  Centanrl. 
—  By  tbe  combioation  of  these  obBervjitions  of  Herschel  and 
Wollaston,  we  are  supplied  with  means  of  bringing  into  direct  nu- 
merical comparison  the  sun  and  the  star  a  Centauri.  Since  it 
appears  that  tbe  light  of  fr  Centauri  is  27,408  times  less  than  that 
of  the  full  moon,  while  tbe  light  of  the  full  moon  is  801,072  times 
leas  than  that  of  the  sun,  it  will  evidently  follow,  tbat  the  light 
of  the  sun  is  very  nearly  22,000,000,000  times  more  intense  thitn 
that  of  a  Centauri. 
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673.  CompaiiAOii  Of  ttie  IntiinBlo  Bplendoor  of  the  sttn 
And  m.  fljc«d  star. —  Since  all  aimJogy  and  obserTAitiQn  lead  to  the 
coneiuaion,  that  tbe  stars,  liku  the  auHj  are  self-luiniaoiifl  bodies, 
ftlthotigb  ao  t-elescopic  power  which  we  con  coTumaDd  can  exhibit 
th«m  with  a  sensible  di.ok,  it  cannot  be  doubted  that  they  are, 
like  the  auii>  epberical  bodies.  If  then,  I  express  the  intrinsic 
Vrip:htne«»f  or  what  h  the  aame,  the  absolute  quantity  of  light 
emitted  by  a  stiperflcial  unit  of  the  visible  surface  of  eueh  a 
sphere^  and  if  m  express  the  auperficial  magnitude  of  the  hemi- 
sphere presented  to  the  eye,  the  total  quantity  of  light  emitt^'d, 
or  total  intrinsic  luatre,  will  bo  exprotiaed  by  i  x  m.  But  the 
apparent  lufltre  will,  according  to  the  common  optical  law, 
docreaaa  as  the  square  of  the  distaace  of  the  observer  increases, 
and  consequently,  if  i  x  M  express  the  lustre  at  the  unit  of  distance, 

I  X    ^,  will  express  it  at  the  distance  D,  so  that  we  shall  hare 

I  X  M  «>  L  X  nK 

If  the  apparent  lustre,  and  the  distance  of  the  star,  therefore,  be 
l>oth  known,  the  intrinsic  lustre,  which  depends  conjointly  upon 
the  ma^itude  of  the  luminous  surface  exposed  to  yiew  and  its 
intrinaic  brightness,  will  be  known. 

674.  MMtrotnett^r  sutrv osted  by  Vr.  I«raner.  ^-  To  bring  a 
fixed  Btajp  into  immediate  comparison  with  the  sun,  and  to  obtjiin 
a  measure  of  the  visuaJ  magnitude  of  the  star,  supposing  it  to  hiive 
an  intrinsic  lustre  equal  to  that  of  the  sun,  would  he  easy  if  the 
distance  could  be  ascertained  to  which  it  would  be  necessary  to 
remove  the  sun,  so  that  it  shall  present  to  the  eye  the  some  appa- 
rent lustre  as  the  star,  for  in  that  case  the  viauol  magnitude  of  the 
sun,  which  could  be  calculated  by  means  of  its  real  magnitude  and 
distance,  would  necessarily  be  equal  to  the  visual  magnitude  of 
the  star.  In  this  manner,  a  visual  angle  too  small  to  be  ascer- 
tained by  direct  instrumeotal  measurement,  would  bo  determined 
by  indirect  means. 

Let  rf^^  the  real  diameter  of  the  sun,  d  =  the  distance  to  which, 
it  would  be  necessary  to  remove  it  firom  the  observer,  so  that  it 
might  present  to  the  eye  the  same  appearance  as  a  given  star,  and 
lot  ^3  its  visual  diameter  at  that  distance.   We  should  then  bare, 

^"=206265  X    i 

D 

and  ^  would  then  be  the  visual  angle  subtended  by  the  star,  if  the 
star  be  Buppoaed  to  hare  the  same  intrinsic  Imatre  as  thd  gun.  But 
if  the  star  be  supposed  to  have  a  greater  or  less  intrinsic  lustre 
than  the  aun^  then  the  visual  magnitude  of  the  star  will  be  greater 
or  If^as  than  4^ 


$96 


ASTRONOMY. 


Althoiigh  the  sun  cannot  be  remored  to  incr**Mf?d  dbtatie* 
the  8am©  optical  effect  miiy  be  produced  by  the  fallowing  ex] 
dieut. 

Let  A  B  c  D  be  a  tube  like  that  of  a  telftscope,  furnished  with 
diftphragm  at  b  c,  §o  conatructed  that  b^  eliding  pieces,  a  circuit 
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flperttir?,  hnviujir  a  diameter  vnnnble  at  pleasure  within  pntrticS 
limits,  may  be  made  in  ita  centre.     Let  a  sliding  tube  having 
eye-hole  in  a  diflphm^n  at  the  end  of  it,  like  that  in  the  eye-pii 
of  a  tekacope,  be  attached  to  the  other  end  a  h  of  the  tube, 
that  the  diBtfince  of  the  eye-hole  from  the  variablfi  aperture  m 
may  be  varied  at  pleasure  within  practicable  limita.     It  is  eriden 
that  the  diameter  of  the  apeilnre  tn  n,  and  the  distance  from  thi 
eynat  e  to  tn  n  bein^  known^  the  visual  angle  subtended  by  m  n 
E  will  bo  dotcnuioed. 

If  the  tube  thus  conBtnict«d  and  arranjyed  be  directed  to 
disk  of  the  sun,  a  circular  part  of  that  disk  having  any  desi 
visual  diameter  can  be  made  \isible  to  the  eye  placed  at  E.      T 
can  always  be  accompliahed  within  limit.«i  by  the  variation  of 
diameter  m  n  of  the  aperture,  and  the  variation  of  the  distance 
the  eye  E  from  m  n. 

But,  by  a  well -understood  principle  of  optica  (0.  364),  tl 
circular  part  of  the  aun^a  disk  visible  throug^h  the  aperture  h 
exactly  the  s^ame  appearancep   both  in  apparent  magnitude 
brightness,  m  tho  bud  itself  would  have  if  it  were  removed 
&ucii  ft  distftnce  from  tho  observer,  that  it  would  subtend  the 
vi.'*ual  angle  as  that  subtended  by  the  aperture  m  n  at  the  eyi 

If  then  the  apparatus  be  so  adjusted,  that  the  iipparent  lui 
the  part  of  the  sim  seen  through  the  aperture  jihall  bo  eqi 
exactly  as  can  he  determinod  by  an  ohs»ervQtion  of  this  kind,  to 
apparent  bright nesa  of  any  star,  it  will  follow,  that  the  visual  angh 
aubtesded  by  the  aperture  seen  from  k,  will  be  equal  to  the  visua 
angle  aiibtended  by  the  star ;  and  aa  the  fonuer  can  be  calculates 
by  knowing  the  real  diameter  of  the  aperture  and  ita  distance  ^i» 
F.,  the  latter  can  be  inferred.  ^ 

Li  the  practical  application  of  thia  method,  the  difficulty  arifi«S 
from  not  being  able  to  bring  the  luminous  point  seen  in  the  tub* 
into  immediate  juxtaposition  with  the  star  with  which  it  is  com- 
pared.    The  obseirTer  muat  rely  upon  his  judgment  and  m 
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of  the  apparent  brightness  of  the  stars,  to  deteraiine  when  that  of          ^H 

tk^  liimiiiuus  point  s^ea  m  the  tuhe  m  equal  to  it^                                       ^H 

67^.  Aatromatrlo  tntila   of  190  prinoliral  •tarBt  —  In  the           ^H 

folio m^  t^ible  are  collected  the  Ftjsiilt^  of  the  ub^ervatiotua  of  Sir          ^^M 

J.  Herschel,  for  the  detorniinfttion  of  the  relative  lustre  of  190          ^H 

principal  stars.     In  addition  to  their  astmmetric  mi^itudes,  as          ^H 

deteniiined  by  Sir  J.  Herschel,  we  have  computed  from  the  data          ^^ 

aupplied  by  him,  their  lektive  brig-htneas  compared  with  that  of                 1 

the  star  a  Centauri  as  a  atandard,  aod  also  their  light  in  billiontha          ^h 

of  the  %ht  of  the  sun.                                                                              ^H 

TABLH                                                     H 

Liat  cf  190  stars,  (!roni  the  firs(  to  the  thiril  magnitude  indusire,  with  Ih&h-           ^^| 

magnitudes,  iux:ording  lo  tlie  ostrometnc  «c«le   prapoMd   by  Sir  John            ^^M 

Ht^rschel ;  and  their  AppareDt  hrightneu  compjired  with  each  other,  aud            ^^| 
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676.  Vie  of  tbe  teleusope  In  stellAr  0l>i«pratloiw«  —  Since 
no  telescope  however  great  might  h&  its  pow6r»  has  ever  presented 
a  fixed  star  with  a  sennible  disk,  it  might  he  inferred  that,  for  the 
purposeft  of  steUar  investigations,  the  importance  of  thwt  ioatniment 
mtist  ho  inferior  to  that  which  it  may  claim  in  other  applications'. 
Neverthelesa  it  is  certain,  that  in  no  department  of  phyaical  science 
haa  the  telescope  produced  such  woodeif ul  restdte,  ua  in  its  applica- 
tion to  the  &Bs^jBea  of  the  starry  heavens. 

Two  of  the  chief  conditiona  necessary  to  distinct  vision  are, 
first,  that  the  image  on  the  retina  shall  have  sutlicient  mflgnitude ; 
or,  what  ia  e(|uiTalent  to  thii*.  that  the  object  or  ita  image  shall 
Buhtend  at  the  eye  a  visual  angle  of  BuJficient  magnitude  (O.  349)  j 
and,  secondly,  it  must  be  suihciently  illuminated  (O.  329).  When, 
by  reason  of  their  distance  from  the  observer,  visible  objects  fail 
to  fulhl  either  or  both  of  these  conditiona,  the  telescope  is  c-apable 
of  re-establishing  them.  It  augments  the  visual  angle  by  substitu- 
ting for  the  distant  object,  which  the  observer  cannot  approach,  an 
optical  image  of  it  close  to  his  eye,  which  he  can  approach ;  and  it 
augments  the  illumination  by  collecting,  on  each  point  of  aurh 
image,  aa  many  rays  rs  can  enter  the  aperture  of  the  object  glass, 
instead  of  the  more  limited  number  which  can  enter  the  pupil  of  the 
naked  eye ;  the  allowance,  nevc^rthelesa,  being  made  for  the  light 
lost  by  reflection  from  the  surfaces  of  the  lenseSj  and  by  the  im- 
perfect transparency  of  their  material, 

The  increase  of  the  viaual  angle  is  determined  by  the  ratio  of 
the  focal  length  of  the  object  glass  to  that  of  the  eye  glass  (0.  5 1  o), 
and  the  increase  of  illumination  ia  detennined  by  the  ratio  of  the 
area  of  the  aperture  of  the  object  glass  to  that  of  the  pupil,  which 
areas  are  proportional  to  the  squares  of  the  diametera  of  the  object 
gliisa  and  the  pupil.  The  illumintttion  will,  therefore,  voiy  in  the 
ratio  of  the  aquare  of  the  Aperture  of  the  telescope. 

To  explain  the  effect  of  the  teleacope  applied  to  ateUar  observa- 
tion, let  the  sun  or  tmy  similar  object  be  imagined  to  be  transferred 
to  a  gradually  increased  distance  from  the  observer.  The  effect 
will  be  the  gradual  detaieuse  of  its  visual  diameter,  and  a  corre- 
sponding decrease  of  the  image  on  the  retina.  The  bngbtnesa  or 
intent«ityof  illumination  of  that  image  will  remain  always  the  name 
(0.  364)  ;  and,  consequently,  the  total  qtitmtity  of  light  which  falls 
upon  it  will  he  decreased  in  the  exact  rHtio  of  its  superficial  mag- 
nitude,— that  is,  in  the  ratio  of  the  square  of  its  diameter.  But 
this  diameter  ia  always  propoftional  to  the  viaual  angle  subtended 
at  the  eye  by  the  object;  and  this  angle  decreases  as  the  distance 
of  the  object  increa&es.  It  follows,  therefore,  that  the  total  quantity 
of  light  incident  on  the  r<»tuia,  from  the  same  or  similar  objects  at 
difierent  distances,  decreaaea  aa  the  square  of  the  distance  increases. 
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Now,  let  the  diatftncp  of  the  sun  from  the  ob»cn*er  be 
to  be  increnaod  until  the  visual  angle  be<?ome8  so  small  that  ni 
aensibie  irapr€*sion  of  the  form  or  nmjcmitiidi?  of  the  objei^t  ispToi 
duced.  Let  thin  distance  be  expressed  by  J>'.  The  appearance  q 
the  BUD  would  tht-n  Ije  that  of  a  mere  lurainous  point,  withoii 
apparent  lUAgnitude  or  form.  It  would  in  fact,  therefore,  have  thi 
same  appeaiauce  as  that  of  a  star  nr  planet.  Vision  would  depeni 
on  the  mere  excitation  of  the  retinn  by  the  quantity  of  ligiht  aetiii| 
upon  it,  and  not  on  the  fonii  ot  magnitude  of  the  picture  product 
upon  it.  The  first  of  the  aboTe-mentioned  condititma  of  distin^ 
Tiaion  would  fail  to  be  fulfilled,  but  the  eeeond  wotdd  be  still  full 
filled.  Light  without  form  or  magnitude  would^  therefore,  be  Uii 
sensible  iropression  on  the  obseirer. 

If  we  now  imagine  the  8UJi  to  continue  to  be  tTansferred  t 
greater  and  gi^ater  dlBtances,  tbe  image  on  the  retina  will  be  proi 
portionallj  diraiuiahed  in  magtjitude;  but  as  ita  magnitude  hai 
already  ceased  to  be  eenaible  bi^cause  of  ita  minutenessp  th| 
decrea^^e  of  magnitude  will  necessarily  rIbo  be  ineensible.  But  tbt 
total  quantity  of  light  falling  upon  the  retina  will  also  be  decreased 
and  thia  decrease  will  be  in  the  ratio  of  the  increaae  of  the  aquai^i 
of  the  distance.  Now,  aiijce  the  apparent  bnghtnesa  of  tlie  lumli 
noujft  point  to  which  the  sun  would  be  in  this  CBtf>e  reduced,  mui 
depend  altogether  on  the  total  quantity  of  lipht  falling  on  th^ 
retina,  thi<!  brightoess  will  be  in  the  inrerse  ratio  of  the  square  a 
the  distance. 

Let  l'  be  the  total  quantity  of  light  falling  on  the  retina,  or  tbi 
apparent  brightness  of  the  object  at  the  distance  l>'  at  which  i^ 
ceases  to  have  a  ^encaible  dic^k,  and  let  L  be  its  apparent  brightness 
at  any  greater  dbtance  D.  We  shall  then,  according  to  what  bi| 
just  been  explained,  have 


and  consequently, 


L-L'X^, 


from  wbich  it  appeRTs  again  that  l  will  decrea«w  as  r*  in 

By  the  continnitl  increRi*e  of  i>,  iherefcm?,  the  apparent  brightoi 
of  the  luminous  point  to  which  the  object  has  been  reduced,  woul 
b*?  continually  diminiiihed,  and  it  would  surcfiSHively  assume  thi 
appearance  of  stara  of  lesa  and  less  magnitude,  until  at  length  thfl[ 
qimntity  of  Hpht  falling  on  the  retina  would  become  so  smull  thai 
it  would  be  insuflieicDt  to  produce  a  eensiblo  impression  on  th€i 
organ,  and  the  object  woidd  cease  to  b€  seen.     Let  the  distanofll 
at  whirh  thiij  would  take  place  be  D''. 
It  appears,  then,  that  in  ihe  gradations  of  the  optical  impresaioQ 
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produced  by  such  «  continually  weed  in  g-  object,  tliero  sure  two 
licutiug  distancL'S,  the  leeeor  n'  &t  which  it  cea^ea  to  have  senaible 
mngnitude  but  comtmuea  to  be  vieible  as  a  lucid  poiot,  and  the 
greater  d"  at  which  it  ceaaea  to  be  seen  altogether;  and  that  at 
intemiediate  distances  D  it  appears  as  a  lucid  point  of  all  degreea  of 
brightiiess,  lew  than  that  which  it  haa  at  the  distance  d'. 

If  this  reasoning  be  applied  to  dilFereiit  objects,  it  is  evident  that 
the  distance  d'  iftill  varj  with  the  real  diameter  of  the  objert^  and 
will  be  exactly  proportional  to  it.  The  distance  d''  for  objects 
having  the  same  real  diameter,  will  vary  with  their  iiitrinjiic  lustre, 
or  the  relative  quantitiea  of  light  which  they  emit  from  their 
visible  hemieiphere-8,  and  will  be  greater  in  the  ratio  of  the  square 
Iroot  of  the  absolute  quantity  of  light  emitted* 

If  a  telescope  be  directed  to  a  star  at  any  distance  B  greater  than 
d",  ite  ma^fnifyiiig  power  will  be  incapable,  however  jrreat  it  nmy 
be,  of  au^nenting  the  vinual  angle  to  such  an  extent  aa  to  render 
it  greater  than  it  would  be^  if  the  star  were  at  the  diHtEince  D',  at 
which  the  visual  angle  becomes  eo  email  a»  to  be  inappreciable  by 
the  eye.  But  in  the  sanifi  cawe.  the  power  of  the  telescope  to  iu' 
crease  the  quantity  of  light  wliich  enters  the  pupil,  will  prtMiuce 
effects  which  are  not  oolv  very  sensible,  but  which  nmy  be  increased 
almost  indefinit€*ly,  by  augmenting  the  apertiue  pf  the  telescope. 
In  this  way,  although  the  nuignifying  power  is  altogether  inefficA- 
ciouu  BO  far  as  relates  to  the  visual  angle  of  the  (fbject^  its  power, 
so  far  as  relntes  to  the  increase  of  light  or  increase  of  apparent 
brightnee*  of  tjie  object,  becouiea  of  the  greatest  impoi-tiinee.  Thus 
it  id  evident,  that  a  telescope  of  a  certain  aperture  directed  to  et 
star  of  the  sixth  nuigiiitude,  the  light  of  which,  accordiug  to  the 
estimate  of  Sir  J.  Herachel,  is  about  the  laoth  part  of  the  light 
of  such  a  star  of  the  first  magnitude  as  a  Centauri,  would  render 
it  equal  in  apparent  brightneaa  to  the  latter,  and  would,  therefore, 
liave  the  effect  of  bringiDg  it  so  much  nearer  to  the  observer,  as 
the  distance  of  an  overage  star  of  the  tirst  magnitude  is  lees  than 
an  average  atar  of  the  sixth  magnitude.  But  since  the  apparent 
bnghtness  decrejL«^es  as  the  square  of  the  distance  increaaes,  it  followe 
that  a  star  of  the  ei.vth  mngnitude,  being  100  times  less  bright  than 
a  star  of  the  first  magnitude,  will  be  10  times  more  distant.  The 
telescope,  therefore,  in  this  case,  woivld  have  the  effect  of  bringing 
the  star  10  times  nearer  to  the  obserrer. 

By  knowing  the  relation  of  the  aperture  of  the  telescope, 
wliether  it  be  a  refractor  or  reflector,  to  the  magnitude  of  the  pupil, 
and  the  proportion  of  light  lost  in  being  transmitted  to  the  eye 
by  the  lenseaor  specula  of  the  instrument,  it  is  easy  to  calculate  the 
ratio  in  whidi  it  will  incpeai*e  the  apparent  brightness  of  a  star, 
fliid  thifl  ratio  being  kDown^  it  wiU  be  easy  to  ascertain  huw  much 
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more  dktimt  ^uch  a  star  is,  than  one  which  to  the  naked  eye 
haYO  the  same  apparent  brigktuess. 

677.  Space<^enetratinff powerr— The  reflectinj^ telescope 
by  Sir  William  Hersthel,  iii  some  of  his  principal  stellar  w 
feenrfhes.  had  an  aperture  of  eighteen  incbea^  and  twenty  feet  foci 
length  with  a  magnifying  power  of  180.  The  epace-penetratlq| 
power  of  this  instmnieat  was  found  to  be  seventy-five,  the  mean 
ing  of  w^hiuh  la,  that  when  directed  to  a  star  of  any  given  brightnefl 
it  would  augment  its  brtghtnets  so  aA  to  ntftke  it  appear  die  sati| 
QjB  it  would  he  if  at  seveuty-five  timeo  less  diatance,  or  what  is  tli 
same,  that  a  star  which  to  the  naked  eye  would  appear  of  t^ 
same  hrightnesii  aa  that  star  does  when  seen  in  the  telescope,  woid 
require  to  be  removed  to  seventy-five  times  the  actual  distance,  1 
that  when  seen  through  the  telescope  it  would  have  the  brightnei 
it  has  when  seen  with  the  naked  eye.  Thus  a  star  of  the  abcl 
magnitiidef  if  removed  to  seventy-five  times  the  actual  distanoi 
would  appear  in  such  an  instrument  still  as  a  star  of  the  eixtl 
magnitude  would  to  the  naked  eye,  and  if  we  assume  with  Si 
John  Hemcht'i,  tJmt  a  star  of  the  sixth  magnitude  has  &  hundro 
times  less  light  than  rt  Centauri^  and  is  therefore  at  t^n  times  ^ 
greater  distance,  it  will  follow  that  a  Centauri  would  require  to  h 
removed  to  seven  hundred  and  fifty  times  its  actual  distance,  so  tfa^ 
when  viewed  through  such  a  telescope  it  wotdd  be  seen  as  a  star  « 
the  sixth  magnitude  to  the  naked  eye. 

If,  then,  it  be  assumed,  as  it  may  f»irly  be,  that  among  the  ui 
numerable  stars  which  are  beyond  the  range  of  unaided  visios 
and  brought  into  view  by  the  teleact>pe^  a  large  proportion  mu4 
have  the  stuue  magnitude  and  intrine^ic  brightness  as  the  avenigi 
stars  of  the  first  magnitude,  it  will  follow  that  these  must  be  a 
dhitances  750  timea  greater  than  the  distance  of  an  average  star  d 
the  first  magnitude,  such  as  a  Centauri.  The  distance  of  this  stflf 
is  such,  that  light  would  require  3*54325  years  to  come  from  it  t 
the  earth.  It  would,  therefore,  follow  that  the  distance  of  ih 
telaBoopic  stars  just  referred  to,  must  be  such,  that  light  woul 
take  to  come  from  them  to  the  earth  26 57 "437  5  years,  Tla 
distance  of  such  stars,  taking  the  earth's  distance  from  the  sun  n 
the  unit,  appears  therefore  to  be  about  one  hundred  and  eevent 
million  times  the  distance  of  the  sun,  and  since  that  distance  es 
pressed  in  round  numbera  is  one  hundred  millions  of  miles,  it  wij 
follow  that  the  distance  of  such  a  star  is  sevaiteea  thousam 
billions  of  miles. 

We  arrive,  therefore,  at  the  somewhat  astonishing  concliisioa 
that  the  distance  of  these  objects,  the  existence  of  which  the  tel^ 
scope  alone  has  disclosed  to  us,  must  be  such,  that  light,  mo^-ing  M 
the  rate  of  1 84,000  miles  per  second,  takes  upwards  of  2600  yeaa 
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to  come  from  them  to  us,  and  coDsequently  tbat  the  objecta  we 
novF  me  are  not  those  whicli  now  exiat,  but  those  which  did  exist 
2600  years  a^  ;  and  it  lA  within  the  scope  of  physical  possibility 
that  they  may  haire  changed  their  coBditiona  of  existence,  and 
QonBe^^uently  of  appearancej  or  even  haye  ceased  to  exist  altogether, 
more  than  2000  years  ago,  although  we  actually  see  them  at  tlii» 
moment. 

Xhia  incideo tally  ehows  that  the  actual  perception  of  a  Tiaible 
object  is  no  coDcluaiYe  evidence  of  its  present  exigtence.  It  is 
oidy  a  proof  of  its  existence  at  some  anterior  period, 

678.  Teleaoopto  stan. —  It  appears,  therefore,  tliat  there  are 
numerous  ordeiB  of  stare,  which  by  reason  of  their  remoteness  are 
invisible  to  the  naked  eye,  but  which  are  rendered  visible  by  the 
telescope  I  and  these  stars  are,  like  those  visible  to  the  naked  eye, 
of  ail  infinite  variety  of  dep^es  of  magnitude  and  brightness,  and 
have  accordingly  been  classed  by  astronomers,,  according  to  an 
order  of  magnitude  in  numerical  continuation  of  that  which  has 
been  scmewbat  indefbiitely  or  arbitrarily  adopted  for  the  visible 
stare.  Thus,  supposing  that  the  last  order  of  stArs  visible  without 
telescopic  aid  is  the  seventh,  the  first  order  disclosed  by  the  tele- 
scope will  be  the  eighth,  and  from  these  the  telescopic  stars, 
decreasing  in  mafruitude,  have  been  denominated  the  ninth,  tenth, 
eleventh,  &c.  to  the  sixteenth  or  seventeenth  magnitude,  the  last 
being  the  smallest  stars  which  are  capable  of  beiog  rendered  dis- 
tinctly visible  by  the  moat  powerful  telescope. 

679.  StellmrnoiaeiicUitare* — Besides  the  classification  of  stars 
according  to  their  estimated  degrees  of  magnitude  or  brightneia, 
they  ore  also  designated  according  to  their  distribution  over  the 
imaginary  surface  of  the  celestial  sphere.  Whether  the  apparent 
grouping  of  these  objects  depends  on  any  physical  reiktiou  existing 
betift'een  the  members  composing  each  group,  or  is  the  result  of 
the  fortuitous  relation  of  the  visual  lines  directed  to  tbem,  the 
principal  collections  of  the  more  conspicuous  stars  thus  placed  in 
near  apparent  vicinity,  have  been  recognised  from  the  most  remote 
antiquity,  and  such  groups  have  been  commonly  denominated 

OONSIELLATIOira. 

Although  in  certain  cases,  it  is  probable  that  some  physical 
relation  may  exist  between  the  more  close  neighbours  in  these 
constellations,  it  is  certain  that  the  apparent  juxta-position  and 
relative  arrangement  of  the  component  stars  generally  is  alto- 
gether fortuitous.  Imagination,  has,  however,  connected  them 
together,  mid  invested  such  constellations  with  the  forms  of  my- 
thological figures,  animals,  such  as  bears,  do^,  lions,  goats, 
serpents,  and  so  on,  from  which  they  severally  tike  their  names. 
Uu reasonable  as  such  a  system  must  be  allowed  to  be,  it  is  not 
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II,  even 

<yiQbfi|d 


intbout  its  u^  &b  &  means  of  reference  and  an  iu*tificial  aid 
memory.  That  a  lietter  system  of  aigna  and  flyml>ula  might  bavel 
been  deviled  fur  thefe  purpoBes,  may  be  admitted ;  but  when  it  i 
conaidered  tbat  the  names  and  forma  of  tbe  most  cooapicuous  con 
atell&tioua  have  had  their  ori)?in  in  remote  ftntiquity  —  that  tbey 
were  handed  down  from  the  Chaldeans  to  the  Effyptiiins,  from  thflr 
Egyptiaoa  to  the  Grtieka,  and  from  these  to  the  modems — thai 
they  are  referred  to  in  the  works  of  every  past  aatronomer,  and 
j^gistered  in  the  memory  of  every  living  observer  —  that  they  are 
associated  with  the  productions  of  art,  and  supph'  ilhistrations  to 
the  orator  and  the  poet  —  it  will  he  readily  iidinitted  that,  even 
thoiiph  a  general  change  of  the  stellar  nomenclature  and  e; 
were  practicable,  it  would  neither  be  advantageous  nor  odvi 

As  an  example  of  a  constellation,  the  group  of  seven  conspi 
itafSy  anraoged  nearly  in  the  form  of  a  note  of  interrogation,  viaibl© 
in  the  northern  part  of  the  tirmament,  and  in  these  latitudt'g  always, 
above  the  horizon,  may  be  referred  to.  Thia  conatellation  ia  c^edt 
Ursa  major  (the  Great  Bear).  The  seven  stars  are  only  the  morau 
consptcuou?)  of  those  which  compose  the  constellation,  the  entirei 
number  beiug  eighty-seven,  moat  of  them,  however,  being  tele- 
scopic J  of  the  seven  chief  etars  one  only  is  of  the  lirat  magnitude^ 
three  are  of  the  second,  and  threi^!  of  the  third. 

The  seven  principal  stars  of  this  constellation  being  all  less  than, 
forty  degrt^es  from  the  north  pole,  will  be  jJwaya  above  the  horizoa 
in  latitudesi  greater  than  forty  d+^greea.  Hence  it  is  that  this  con- 
atellatiun  is  my  familiarly  known.  They  may  f»erve  a^  ^tandard^  or 
modnH  by  which  the  astronomical  amateur  may  efctiniate  thd 
ordem  of  magnitudes  of  the  stars  generally.  It  is  in  the  quarts ' 
of  I  he  heavens  opposite  to  that  in  which  the  mm  w  in  the  month 
of  March,  and  is  thfrefore  visible  at  midnight  near  the  meridian 
above  the  pole  at  that  season.  In  the  month  of  September  it  is 
visible  at  midnight  below  the  pole. 

The  stars  which  compose  a  conatellation  are  designated  Ufuiilly 
by  the  letters  of  the  Greek  alphabet,  the  first  lett-era  being  ge- 
nerally assigned  to  the  moat  conspicuous.  The  order  of  the  letters, 
however,  does  not  alwava  follow  strictly  the  order  of  magnitudes. 
When  the  stars  are  not  deaignated  by  lett^e^s,  they  are  distiuguiahed 
by  numbers,  and  this  is  mostly  the  case  with  the  smaller  stars. 

It  is  usual  to  express  the  constellations  by  their  Latin  nameS| 
and  to  designate  the  indi\'iduftl  stara  by  the  letter  or  number  and 
the  constellation,  aa  a  Zyraj  0  Ursa  naiforu,  6i  OjtAiucAi,  24. 
CormBf  Ac. 

In  the  cases  of  some  of  the  more  conspicuons  stars,  such  a*  have 
been  objects  of  obaervatinn  in  remote  ages,  they  are  aK)  frequently 
diatinguLabed  by  proper  names.    Thus,  a  Cam's  majonm  is  mor« 
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commoiilj  called  Sirius,  and  sometimca  tbe  Doff-siaTf  and  is  knoiKH 
OM  the  most  respleDdeDt  of  the  Bxed  fltars.  In  like  manner,  a  Fiseii 
Australia  is  alwaye  called  Fotnaihaut,  a  aod  &  Gemm&rum  are  called 
Castor  and  Poiiux^  ^  Oriom*  la  known  aa  Miffel,  a  Tauri  as  AldC" 
baran,  a  VirffinU  vm  Spica,  a  Boatis  &&  Arciurus,  and  so  on. 

Th4j  pracdc&l  usefulness  of  the  imag^inarj  figures  wbich  give 
names  to  the  coastellatioas,  will  thujs  bo  understood.  If  we  deaire 
to  express  the  position  of  the  eim  n  Ur»tt.  nusjorisj  for  exanoplei  we 
flay  that  it  is  at  the  Up  of  the  tail  of  the  Great  Bear.  We  indicate^ 
in  like  manner^^  the  place  of  the  three  reniarkahle  stars,  S,  fj,  and  f 
Orionis,  by  eaying^  that  they  form  the  belt  of  Orion,  and  another, 
Eigel^  by  saying  that  it  is  on  his  foot.  The  atar  Sirius  is  on  the 
nose  of  Cania  major,  and  the  bright  star  e  on  his  left  fore-foot 

6S0.  V»«  of  polnterH* — Those  who  desire  to  obtain  an  ac*' 
quaintance  with  the  etar^,  will  find  much  adrantage  in  practising 
the  method  of  pointerSf  by  which  the  position  of  conspicuons 
stara  with  which  the  observer  ia  well  acquatDted^  is  used  to 
ascertain  the  places  of  others  which  tire  less  known  and  less  easily 
identified.  This  method  consists  in  aeaigning  two  conspicuous  stars 
so  placed,  that  a  straight  line  imagined  tn  he  drawn  between  them, 
and  continued  if  neceagary  m  the  Bftnie  direction,  will  pass  through 
or  near  the  star  whose  position  it  is  desired  to  ascertain. 

The  most  useful  example  of  the  application  of  this  method/is  the 
case  of  the  pole  star,  which  is  a  Ursa  mutoru,  a  st^ur  of  the  third 
magnitude.  Let  the  observer  direct  hia  eye  to  the  two  conapicuoua 
stai-e^  n  and  3  Ursts  tnaJorU^  and  supposing  a  stxaight  line  drawn 
from  3  to  %  let  him  cany  his  eye  along  that  line  beyond  a  to  a  dis- 
tance about  six  times  the  space  bcltween  a  and  jS^  he  will  arrive  st  the 
pole  star. 

6d].  iTsfl  4»r  Btai-  tnkpa. — To  coniprebend  the  preceding  para- 
graphs,  aad  profit  by  the  instructions  given  in  them,  it  will  be  neces- 
sary for  the  reader  to  have  in  hia  hands  a  set  of  star  maps.  The 
Guide  to  the  Stabs  *  will  be  fouud  to  be  one  of  the  moat  oonvenient 
works  for  thb  purpose.  In  the  maps  there  given,  will  be  found  in- 
dications of  the  most  useful  applications  of  Uie  method  of  pointing. 

68 2.  Vsc  of  tt&e  ««leatlal  ^<iti«,^^A  celestial  globe  may  be 
defined  to  be  a  working  model  of  tbe  heavens.  It  is  mounted  like 
a  common  terrestrial  globe.  The  visihle  hemisphere  is  bounded  by 
the  horiiontai  circle  in  which  the  globe  rests.  The  brass  circle  at 
right  angles  to  this,  is  the  celestial  meridian.  The  eonstellationsi^ 
with  outlines  of  the  imaginaiy  figures  from  which  they  take  their 
namesj  are  delineated  upon  it 


•  Twelve  Hsjiispheres,  forming  a  Gdde  to  th«  Stars  for  every  Mght  in 
the  Year  with  an  latrodactioc—  Walton  and  Maberly,  Londoa, 
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The  gIob«  will  seire,  not  merelj  u  an  inatniment  of  mstruction, 
'but  will  prove  a  ready  itnd  convenient  aid  to  the  amateur  in  astro* 
nomy,  Buperaedin^  the  necessity  of  many  calculation  a,  which  are 
often  discouragiog  and  repulsive,  however  simple  and  easy  they  mAj 
he  to  those  who  are  a^^ciiatomed  to  stich  inquirieB.  Most  of  the  alma- 
nacs contain  tables  of  the  principal  ftHtronomicfll  phenomena,  of  the 
places  of  the  sun  and  moon,  and  of  the  principal  planets,  as  well  as 
the  times  when  the  most  conspicuous  stars  are  on  the  meridiao  after 
euoset.  These  data,  together  with  a  judicious  use  of  the  glohe  aud 
a  tolerable  telescope,  will  enable  any  person  to  extend  his  acquaint^ 
auce  with  astronomy,  and  even  to  become  a  useful  contributor  to  the 
common  stock  of  iafonrmtinn,  which  is  now  so  fast  increaaing  by  the 
iieai  ftttd  ability  of  private  obaerveis  im  so  many  quarters  of  the  globe. 

I'o  prepare  the  globe  for  use,  let  small  marks  (bits  of  paper 
gummed  on  will  answer  the  purpose)  he  placed  upon  it,  to  indicate 
the  positions  of  the  sun^  moon,  and  planets,  at  the  time  of  obsenring 
the  heavens.  The  pj ace  of  the  sun  on  the  ecliptic  is  usually  marked 
00  the  globe  itself.  If  not,  its  right  sscenaion  (that  is,  its  distance 
from  the  vernal  equlnoxial  point,  meaaured  on  the  celestial  equator), 
and  its  declination  (that  is,  ita  distance  north  or  south  of  the 
equator),  are  given  in  the  almanac,  for  every  day.  The  moon's 
right  ascension  and  declination  are  likewise  given. 

683.  To  find  tbe  pi«ee  of  ah  obj««t  en  «he  fflo^  when  tts 
rlyltt  ascensleii  and  decllnatloo  ore  1iaf>iira»  — Find  the  point 
on  the  equfttor  where  the  given  right  ascension  is  marked.  Turn 
the  globe  on  its  axis  till  this  point  he  brought  under  the  meridian. 
Then  count  off  an  ftBc  of  the  meridian  (north  or  south  of  the 
equator,  according  aa  tlie  decliiuitioti  is  given)  of  a  length 
equal  to  the  given  declination,  and  the  point  of  the  globe  im- 
Qtedlatelly  under  the  point  of  the  meridian  thus  found,  will  be 
the  place  of  the  object.  By  this  rule,  the  position  on  the  globe 
of  any  object  of  which  the  right  ascension  and  declination  aro 
known,  may  be  immediately  foond,  and  a  corresponding  mark 
upon  it. 

To  adjust  the  globe  so  aa  to  use  it  as  a  guide  to  the  position 
of  objects  on  the  heavens,  and  as  a  means  of  identifying  the 
stars  and  learning  their  names,  let  the  Sower  clamping-screw  of 
the  meridirm  be  loosened,  and  Let  the  north  pole  of  the  globe  be 
elevated  by  moving  the  brass  meridian  until  the  arc  of  this 
meridian  between  the  pole  and  the  horizon  be  equal  to  the 
latitude  of  the  place  of  obeervation.  Let  the  cliimping-Bcrew 
be  then  tightened,  uo  as  to  maintain  the  meridian  in  this  posi- 
tioiL  Let  the  globe  he  then  so  placed  that  the  brass  meridian 
shall  be  directed  due  north  and  south,  the  pole  being  turned  to  the 
north.    This  being  done,  the  globe  will  correspond  with  the  heavens 
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80  far  as  relates  to  the  poles,  the  meridian,  and  the  points  of  the 
horizon. 

To  ascertain  the  nupect  of  the  firmament  at  any  hour  of  the 
nig;ht,  it  ia  now  only  necesmry  to  turn  the  irlobe  upon  its  aiis  until 
the  mark  indicating-  the  placeof  the  .lum  shall  be  under  the  horizon  in 
the  same  position  a^  the  aun  itself  actually  h  at  the  hour  in  question. 
To  e fleet  this,  let  the  globe  be  turned  until  the  mafk  i»dicatinjr 
the  po6ition  of  the  sun  is  brought  under  the  meridian.  Observe 
the  hour  marked  on  the  point  of  the  equator  which  m  then  under 
the  meridian.  Add  to  this  hour  the  hour  at  which  the  obserration 
is  about  to  be  taken,  and  turn  the  globe  until  the  point  of  the 
equator  on  which  ia  marked  the  hour  reaulting  from  this  addition 
i&  brought  under  the  meridian.  The  poeition  of  the  globe  wiJl 
then  correspond  with  that  of  the  tirmament  Every  obj*3Ct  on  the 
one  will  correspond  in  ita  position  with  its  repneeentative  mark  or 
BirTubol  on  the  other.  If  we  imagine  a  line  drawn  irom  the  centre 
of  the  globe  through  the  mark  upon  its  surface  indicating  any  atar, 
such  a  line,  if  continued  outside  the  surface  toward  the  heaven?, 
would  be  directed  to  the  star  itself. 

For  example,  suppose  that  when  the  mark  of  the  sun  is  brought 
under  the  meridian,  the  hour  5"^  40",  i«  found  to  be  on  the  equator 
at  the  meridian,  and  it  is  requirod  to  find  the  aspect  of  the  heavena 
at  half -past  tea  o'clock  in  the  evening. 
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Let  the  globe  be  turned  until  16*  10™  is  brought  imder  the  meri- 
dian, and  the  aspect  given  by  it  will  be  that  of  the  heavens. 


CHAPTER  XX- 


PEBlOniC,  TKMPOaAnT,  A3II>  MULTIPLE  STARSl  —  PROpSa  MOTtOH  OF  STAM. 
—  MOTION  OF  THE  SOLAR  SYSTEM, 

6S4.  T6lefl«ople  otiserrati^iui  on  Indlvldtial  stftra.  —  Be- 
sides bringing  within  the  range  of  ohfiervation  objects  placed  be- 
yond the  sphere  which  limits  the  play  of  natural  vision,  the 
telescope  has  greatly  multiplied  the  number  of  objects  irieible 
within  that  sphere,  by  enabling  ua  to  eee  many  rendered  inviMble 
hy  their  minuteness,  or  confounded  with  others  by  their  apparent 
proximity.  Among  the  stars  also  which  are  visible  to  the  naked 
eye;  there  are  many,  respecting  which  the  telescope  has  disclosed 
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circumataacea  of  the  highest  physical  interest,  hj  which  they  In 
become  more  closely  allied  to  our  system,  and  by  wbich  it 
demonatTated  that  the  same  material  kwB  which  coerce  the  planf 
and  give  stability,  uniformity,  and  harmony  to  their  motione, 
aUo  in  operation  in  the  most  remote  regions  of  the  nniveise.  ^ 
fthall  first  notice  some  of  the  most  remarkable  discoYeries  reapeci 
individual  Bt&rsi  aod  ahdl  afterwards  explain  those  which 
the  arrangctneut,  dimensioxia,  and  form  of  the  coUeclive 
stars  which  compose  the  yiaible  iirmament,  tmd  the  results  dl 
researches  which  the  teleacope  has  enabled  astroDomera  to 
in  regiotti  of  apace  adll  mora  remote. 

I.  PERTODrO  8TAES. 

685.  Btars  of  ▼triable  liuO'e.  —  The  stars  in  generali^ 
are  statioDary  in  their  apparent  positionS|  are  equally  invariabl^j 
their  apparent  magnitudes  and  brightoeaa.  To  this,  hawei 
there  are  several  remarkable  exceptions,  8tars  have  been  i 
served,  sidficiently  numerouB  to  be  regarded  as  a  distinct  di 
which  exhihiti  periodical  changes  of  appearance.  Borne  unde^ 
gradual  uid  alternate  increase  and  diminution  of  mGkgnitqi 
vaijing  between  determinate  limits,  and  presenting  these  yariata( 
in  equal  intervals  of  time.  Some  are  observed  to  attain  a  cerb 
maximum  magnitnde,  from  which  they  gradually  and  reg^uli 
decline  until  they  altogether  disappear,  Afler  remaining  foi 
certain  time  invisible,  they  reappear  and  gradually  iocreaae  i 
they  attain  their  maximum  splendour,  and  thia  succession 
changes  is  regularly  and  periodically  repeated.  Such  objects  i 
called  periodic  ttan, 

686.  JteznarkAlile  mtMrm  of  thlm  otama  In  tbe  eoutttcll&tlt 
of  CttCfu  uad  Voneos. — ^The  moi^t  remarkable  of  this  claai 
the  star  called  Otmkron,  in  the  neck  of  the  Whale,  which  waa  i 
observed  by  David  Fabricius,  on  the  1 3tb  of  Augiiatj  1596.  T 
star  retains  its  greatest  fafightness  for  about  fourteen  days,  be 
then  equal  to  11  lai^ge  star  of  the  second  magnitude.  It  tk 
decreases  continually  for  three  months  until  it  becomea  inviail 
It  remains  invisible  for  five  months,  when  it  reappears,  i 
increases  gradually  for  three  months  until  it  recovers  its  maxinH 
Bpleodour.  This  is  the  general  succession  of  its  phases, 
entire  period  is  about  331  days.  This  period  is  not  always  i 
same,  and  the  gradations  of  brightneaa  through  which  it  passes  | 
said  to  be  subject  to  variation.  Hevclius  states  that,  in  the  I 
terval  between  1672  and  1676,  it  did  not  appear  at  all. 

Soma  recent  observations  and  researches  of  M.  Argelan< 
render  it  probable  that  the  period  of  this  star  is  subject  to  a 
tion  which  is  it«elf  periodical,  the  period  being  dtematelj 
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mented  and  diminiahed  to  the  extent  of  25  dstya.    The  variations 
of  the  metximura  lustre  mre  also  pmbahlv  periodical. 

The  star  called  Aiffolj  in  the  head  of  3hdmaf  in  the  constellatign 
of  PerseuSf  alforda  a  striking  example  of  tho  rapidity  with  which 
theae  periodical  chaoges  sometimea  succeed  each  other.  This 
star  geoeraily  appears  as  one  of  the  second  magnitude ;  but  an 
iuterral  of  seven  houra  occurs  at  the  expiration  of  every  sixty-two, 
during  the  first  three  hotira  and  a  half  of  which  it  gradually 
diminiahea  in  brightness  till  it  is  reduced  to  a  star  of  the  fnuTth 
niagnitude,  and  during-  the  remainder  of  the  interval  it  again 
gradually  iocreades  until  it  recovere  its  original  majmitude.  Thus, 
it*  we  eupposa  it  to  have  attained  its  maximum  splendour  at  mid> 
night  on  the  first  day  of  tho  months  its  changes  would  be  aa 
follows :  — 


0  o  otozi^.    olt  appears  of  second  magnitude, 

214.  o  to  2   17  2f  It  decreases  gradually  to  fourth  magnitude. 

2  17  24  to  2  20  43  It  increases  gradually  to  second  magnitude. 

2  20  4.8  to5   10  48  It  appears  of  secoud  magoitude. 

5  10  48  to  ^  14  I  z  It  decreases  to  fourth  magnitudd. 

5;   14  i2to5   17  36  It  mcreases  to  second  magnitude. 
&.C,  &c.  &c. 

Thia  star  presents  an  interesting  example  of  ita  class,  as  it  is 
constajitly  visible,  and  its  period  is  so  short  that  its  succession  of 
phases  may  be  frequently  and  conveniently  observed.  It  is  situate 
near  the  foot  of  the  constellation  Andromeda^  and  lies  a  few  degrees 
north-east  of  three  stars  of  the  fourth  magnitude  which  form  a 
triangle. 

Goodriclce,  who  discovered  the  periodic  phenomena  of  ^^70^  in 

1  782,  explained  these  appearances  by  the  supposition  that  some 
opaq;ue  body  revolvea  round  it,  being  thus  periodically  interposed 
between  the  earth  and  the  star,  so  as  to  intercept  a  large  portion 
of  ita  light 

The  more  recent  observations  on  this  star  indicate  a  decrease  of 
its  period^  which  proceeds  with  accelerated  rapidity.  Sir  J,  Her- 
»chel  thinks  that  this  decreane  will  attain  a  limit,  and  vriil  b© 
followed  by  an  increase,  so  that  the  variation  of  the  period  will 
prove  itself  to  bo  periodic. 

The  stars  8  in  Cepheut  and  &  in  Zi/ra  are  remarkable  for  the 
regular  periodicity  of  their  lustre.  The  former  paaeea  from  ita 
least  to  itJ?  greatest  lustre  in  thirty-eight  hours,  and  from  ita  great- 
est to  its  least  in  ninety-one  hours.  The  changes  of  lustre  of  the 
latter,  according  to  the  recent  obaervationa  of  M.  Argelander,  are 
very  complicated  and  curious.     Its  entire  period  ia  1 2  days  z  1  hrs. 
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55  min.  10  8eC|  and  in  that  time  it  6rst  iDCreaees  in  lufltre,  ihen    | 

ileci^aseB,  then  increase*  again,  and  then 

decreases,  so  that  it  hia    1 

two  maxim  ft  and  two  minima.     At  the 

two  maxima  ita  lustre  ia    1 

that  of  a  star  of  the  3*4  mugnitude,  and  at  one  of  the  minTDOA  ila    1 

lustre  is  that  of  a  star  of  the  4*5,  and  at  the  other  that  of  a  atar  of    | 

the  4*5  magnitude. 
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In  this  case  also  the  period  of  the  star  ia  found  to  be  periodically   | 

variaWe. 
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bSj,  Xable  of  tbe  perlo41o  stai^. - 

"  Upwards  of  a  hundred    1 

stars  have   heea  discovered   to  be  periodically  variable; 

in  the    1 
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The  maxinmm  mad  minimum  extremes  ^  lustre,  with  the  perioda 
when  known,  are  given  in  the  preceding  table,  the  etare  hfing 
arrajiged  in  the  order  of  right  ascension.  Th€  numbera  are  prin- 
cipally extracted  from  the  iijta  of  variable  etars  by  Mr.  Pogson.  — 
(See  Appendix,  Si  5O 

In  the  case  of  mftny  of  these  Btam,  th*  variBtionB  of  lustre  are 
subject  to  consideraWe  irreg^ilarities.  Thus  x  Cjgni  woa  scarcely 
visible  frum  1698  for  the  intentd  of  thrue  yeaw,  even  at  the  epochs 
when  it  ouj^ht  to  have  hud  ita  greateat  iuatre.  The  extremea  of 
lustre  of  R  Scuti  ai-e  also  Tury  variable  aud  irrpgiilar.  In  general 
the  variations  of  e  Corome  are  so  inconsiderable  as  to  be  eciircely 
perceivable,  but  they  become  sometimes  suddenly  so  great  that  the 
fttar  wholly  disappears.  The  variationa  of  a  Orion isi  were  very  con- 
spicuous from  I  S 36  to  1940,  and  again  in  |  84.9^  being  much  lessst 
so  in  the  interraediate  time. 

688.  &7potl»e>es  proposed  to  expialn  ttie«e  pti«BOfa«iw.— * 
Several  explanations  have  been  proposed  for  these  appearances. 

1.  Sir  W-  Herscbel  considered  that  the  supposition  of  the  ex- 
tEtence  of  spots  on  the  stars  similar  to  the  spots  on  the  aun^ 
combined  with  the  rotation  of  the  stars  upon  axes,  similfir  to  the 
rotation  of  the  sun  and  planets,  aJTorded  so  obvious  and  satisfactory 
an  explanntion  of  the  phenomena,  that  no  other  need  be  sought 

2-  Newton  conjectured  that  the  variation  of  brightness  might  be 
produced  by  comets  falling  into  distant  eima  aad  causing  temporary 
conflagrations.  Waiving  any  other  objection  to  this  conjecture,  it 
L£  put  aside  by  its  kwi^cietjcy  to  explain  the  periodicity  of  the 
phenomena. 

3.  Mnupertiua  has  suggested  that  some  stam  may  have  the  fona 
of  thin  dat  dialca,  acquired  either  by  extremely  vapid  rotation  on  an 
axis,  or  other  physjcal  cause.  The  ring  of  Saturn  affords  an  ex- 
ample of  this,  within  the  limita  of  our  own  system,  and  the  moderQ 
discoveries  in  nebular  astronomy  offer  other  examples  of  a  like 
form.  The  axis  of  rotation  of  such  a  body  might  be  subject  to 
periodical  change  like  the  nirtation  of  the  earth's  axis,  so  that  the 
dat  side  of  the  lumioous  dish  might  be  present  more  or  less  to- 
wards the  earth  at  different  times,  and  when  the  edge  is  so  pre- 
sented it  might  be  too  thin  to  be  visible.  Such  a  euccessiou  of 
pbeuomena  is  actually  exhibited  in  the  cise  of  the  rings  ol 
Saturn,  though  proceeding  from  different  causes. 

4..  Mr.  Dunn  •has  conjectured  that  a  dense  atmosphere  sur- 
rounding the  stars^  in  different  parts  more  or  less  peniou^  to  light, 
may  explain  the  phenomena.  This  conjecture,  otherwise  vague, 
indefinite,  and  improbable,  totally  faiU  to  explain  the  periodicity  of 
the  phenomena. 

*  Fkii<m^iad  Tmiua€t»mat  vol  IIL 
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5.  It  haa  been  suggestod  that  tlie  periodical  obscuration  or  total 
disappeamnce  of  the  star  may  arise  ftom  transiis  of  the  star  by  it9 
Atteadant  planeta.  The  trantiits  of  Venua  and  Mercuiy  are  the  bsina 
of  tliis  ooiyectiire. 

Tho  traDsits  of  none  of  the  planets  of  the  snlar  Bjstem,  seen  from 
the  stars,  coidd  render  the  Bun  a  periodic  star.  The  magnitudes^ 
even  of  the  largest  of  them,  are  altogether  inaufficient  for  such  an 
ertect  To  this  objection  it  has  been  anawered,  that  planets  of  rastlj 
gTettt  comparntive  raa|piitude  may  revolve  roand  other  sana.  But 
if  the  niagiiitiule  of  11  planet  wore  siiflicient  to  produce  by  its  transit 
these  coueiderahle  obecurations,  it  must  be  Ter)' little  inferior  to  the 
mag^iitude  of  the  stin  itaelf,  or  at  all  events  it  nmst  bear  a  xery 
considerable  pni'portion  to  the  ma^itude  of  the  sun ;  in  which  caae 
it  may  be  objected  that  the  predominance  of  attraction  neceaaair 
to  maintain  the  sun  in  tho  centre  of  ita  eyat-em  could  not  be 
Becureii  To  thb  objection  it  ie  answered,  that  althniinrh  the  planet 
may  have  a  great  ooniparatire  magnitudej  it  may  have  a  very  smnU 
comparative  dentifyi  and  the  gravitatiDg  attraction  dependirig  00 
the  actual  mass  of  niattei,  the  predominance  of  tho  solar  maaa  may 
he  i-eudered  con&islent  with  the  great  relative  magnitude  of  the 
planet  hy  anppT^ing  the  deneiity  of  the  one  vastly  greater  than  that 
of  the  other.  The  deuaity  of  the  sun  is  much  greater  than  the  den- 
sity of  SatiuTi. 

6*  It  has  been  suggested  that  there  may  be  systema  in  which  the 
central  body  is  a  planet  attended  by  a  leaser  »uu  revolving  round  it 
as  the  moon  revohea  round  the  earth,  and  in  that  case  the  periodical 
obacuration  of  tlie  sun  maybe  produced  by  its  paasage  once  in  each 
revolution  behind  the  central  planet. 

Such  are  the  various  conjectures  which  have  been  proposed  to 
explain  the  periodic  stars ;    and  aa  they  are  merely  conjee 
scarcely  deserving  the  name  of  hvpotheies  or  UteorieSji  we  shall 
them  to  be  taken  for  what  tbev  are  worth. 


n.   TEMPOXABT  STABS. 

PhenomeQa  in  moat  respects  similar  to  those  just  described, 
exhibiting  no  recurrence,  repetition,  or  periodicity^  have  been  ob- 
served in  many  stars.  Thus,  atara  have  from  time  to  time  appeared 
in  varioua  parts  of  the  ifinnRment,  have  shone  with  extraordinary 
aplendour  fur  a  limited  tijne,  and  have  then  disappeared  and  have 
never  again  been  obwerved. 

6tf9«  Temfk^rarr  atara  ■•ea  In  tLaoloxit  timea.— The  first  Fttar 
of  this  class  which  has  been  recorded,  is  one  observed  bv  IJipparchits^ 
1 15  B.C.J  the  disappearance  of  which  is  said  to  have  led  that  as- 
tTonomer  to  make  hia  celebrated  catalogue  of  the  fixed  stara^  a  work 
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wliieh  hm  proved  in  raodora  times  of  great  value  and  interest.  In 
the  389th  year  of  our  era,  a  star  bliue'd  forth  near  a  Aptilep^  which 
shone  for  threu  weeks,  appearmsr  as  splendid  as  tho  planet  V^nus^ 
after  which  it  disappeared  and  haa  never  since  been  Been.  In  the 
yeara  945,  1264,  and  1 572,  brilliant  stars  appeared  between  the 
eooatellfttioDS  of  Cephem  and  Cassiopeia.  The  aecounta  of  the  poai- 
tiona  of  these  objects  are  ohacure  aud  uncertain,  but  the  intervals 
between  the  epochs  of  their  appearances  being  nearly  eq^ual,  it  ha.i 
been  conjectured  that  the?  were  auccee^ive  returns  of  the  sanie 
ln?riodic  star,  the  period  of  which  ia  about  300  years,  or  poaalbly 
half  that  interval. 

The  appearance  of  the  atur  of  157*  was  verv'  remarltable,  and 
having  been  witnessed  hv  the  nidat  eminent  astronomers  of  that  day, 
the  account  of  it  may  be  considered  to  be  well  entillcnl  to  confidence. 
Ttfcho  Brake,  happening  to  be  on  his  return  on  the  evening  of  the 
1  ith  of  November  from  his  laborator}' to  hia  dwelling-house,  found 
a  crowd  of  peiieanta  gazing  at  a  star  which  he  was  Biire  did  not  exi^^t 
half  an  hour  before.  This  was  the  temporary  star  of  I  572,  which 
was  then  as  bright  as  Slrius,  and  continued  to  increase  in  splendour 
until  it  surpRfiaed  Jupiter  when  that  planet  is  most  brilliant,  and 
finally  it  attained  such  a  lustre  thut  it  waa  visible  at  mid-dfty.  It 
began  to  diminish  in  December,  and  altogether  disappeared  in  March, 

1574- 
On  the  10th  of  October,  160^,  a  splendid  star  suddenly  hurst 

out  in  the  conatelUtion  of  Set-pttiiarim,  which  was  as  bright  rj* 

that  of  1572.      It  continued  visible  till  October,  1605,  when  it 

vanished. 

690.  Temiwrary  star  obserrttd  lir  HCr.  Bind,  ^  A  star  of  thi^ 
fifth  magnitude,  easily  visible  to  tlio  nakfd  eye*  wag.  seen  by  Mr. 
Hind  in  tlie  constellation  of  Ophiuchus,  on  the  night  of  the  28th 
of  April,  1848.  From  the  pertWrt  acquaintance  of  that  ob»ener 
witli  the  region  of  the  firmament  in  which  he  saw  it,  he  was  qnit*^ 
certain  that,  previous  to  the  jth  of  April,  no  star  brighter  than  thoJie 
of  the  ninth  magnitude  had  been  there,  nor  is  there  Hny  star  in  the 
catalogues  at  all  corresponding  to  that  which  be  eaw  there  on  the 
2Sth.  This  star  continued  to  be  observed  at  the  Royal  Observatory* 
Greenwich,  until  the  year  iSji,  On  the  1 7th  of  Jiuie,  its  mag- 
nitude was  estimated  about  the  fourteenth,  being  too  faint  for  the 
usual  meridional  observation.  Since  this  time  it  does  not  appear 
to  have  been  again  observed. 

691.  MUaliiff  Stan.  —  To  the  clafis  of  temporary  stars  may  be 
Tcferred  the  cases  of  numerous  stars  which  have  disappeared  from 
the  firmament.  On  a  careful  eicaraination  of  the  heavens,  and  a 
comparison  of  the  objects  observed  with  former  catalogues,  and  of 
catalogues  ancient  and  modem  with  each  other,  many  stars  for- 


merly  known  are  now  afcertained  to  be  misaiii|cr ;  and  although,  as 
Sir  John  Iler&fhel  obaenefl,  there  is  no  doubt  that  in  nuay  in- 
Btances  these  apparent  loAses  have  prcx^eded  fttmi  miatakeo  eotriev, 
yet  it  is  equally  certain  that  in  Duraeroiia  cases  there  can  have 
been  no  miBtake  in  the  obsen'tttioo  or  the  entn%  and  that  the  star 
has  really  exiated  at  a  former  epoch,  and  aa  certainly  haa  aixBce 
disappeoTed. 

When  we  conaider  the  vast  length  of  many  of  the  periods  of 
astronomical  phenomena,  it  is  far  from  bcringimpn^buble  that  these 
phenomena  which  seem  to  be  occaeioDal,  accidental,  and  springing 
from  the  operation  of  no  regular  physical  caoseap  sach  oa  those  in- 
dicated by  the  claaa  of  Tariable  stars  first  considered ,^  may  after 
all  be  periodic  stars  of  the  name  Miid,  whose  ftpptianincea  and  dis- 
appearances are  brought  about  by  similar  caos^.  All  that  can  be 
certainly  Imown  wrflpectinp  them  is,  tliat  th«?y  have  appeared  or 
disappeared  once  in  that  brief  ptsriod  of  time  within  which  astro- 
nomical obstTVutionji  have  been  made  and  recorded.  If  they  he 
periodic  stars,  the  lenpth  of  whoa©  period  exceeds  that  interva], 
theb  changes  couJd  only  have  been  once  exhibited  to  ns,  and  alter 
ages  have  rollud  away,  and  time  has  converted  the  future  into  the 
past,  ortronomers  may  witness  the  next  occutrence  of  their  pbaaesv 
and  diicorer  that  to  he  regular,  hftrmonioua,  and  peiiodic,  which 
appears  to  us  accidental,  0€<:asional,  aud  anomalous. 

in.  imrBLE  stars, 

"When  the  stars  are  eianiined  individually  by  telescopes  of  1 
certain  power,  it  is  found  that  many  which  to  the  naked  ey« 
i^pear  to  be  single  stars  are  in  reality  two  stars  placed  so  close  to- 
gether thnt  they  appear  as  one.     Thowe  aro  <;alled  tlmthlti  Mars, 

6g2.  aai«arctiea  of  Sir  "W*  and  Sir  7,  S«raoliel,^ — A  very 
limitL'd  number  of  these  objects  hud  been  discovered  bi^fore  the 
telescope  bad  received  the  \^^t  accession  of  power  which  was  given 
to  it  by  the  luboiur  and  geuius  of  Sir  William  Herschel.  That 
astronomer  observed  and  catalog^ied  500  double  stars;  and  subse- 
quent observers,  among  whom  his  »«>n,  Sir  John  lierschel,  holds 
the  foremost  place,  have  augmented  the  number  to  booo, 

69 3>  Wtmx%  ttfittoallsr  donbla.  ^ — The  close  apparent  juxta- 
position of  two  stars  oq  the  lirmameot  is  a  phenomenon  which 
might  be  easily  explained,  and  which  could  create  no  surprise. 
Such  an  appearance  would  be  produced  by  the  accidental  circum- 
stance of  the  lines  of  direction  of  the  two  stars  aa  eei'n  from  the 
earth,  forming  a  very  small  angle,  in  which  case,  although  the  two 
stars  might  in  reality  bo  as  far  removed  from  each  other  as  any 
stars  in  tiie  heavens,  they  would  nevertheless  appear  dose  together. 
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The  Jiff.  98,  will  rcDder  this  e^ily  understood.  Let  a  and  h  be  the 
two  Btara  secD  hom.  t\  The  sIat  a  will  be  tweeu  relutiv^y  to  A,  as 
if  it  were  at  df  and  the  two  objecta  will  seem  to  be  in  cdofte  juxt«- 


poaitioa ;  and  if  the  angle  itnder  th<j  lines  c  a  and  c  b  be  less  than 
the  sum  of  the  apparent  semidiauieterii  of  the  starts,  they  would 
actually  appear  to  touch. 

694.  Tbis  »n|iiioslttoii  mot  ^ea^raMy  AdmUsible.  —  If  such 
objecta  were  few  in  uimiber,  this  modtj  of  oxplttining  them  might 
be  ftdmitted  j  and  such  may,  in  fact,  be  the  cause  of  the  pheno- 
menon iti  some  iDatances.  The  cbeuicca  against  such  proximity  of 
the  linra  of  direction  are  however  so  great  aa  to  be  utterly  iDcom- 
patible  with  the  vaat  number  of  doable  etara  that  have  been  dis- 
covered, even  were  there  not,  as  there  i&^  other  conclusive  proof 
that  thia  proximity  aud  companionBhip  is  neither  accidental  nor 
merely  apparent,  but  that  the  connection  is  real,  and  tbnt  tlie  ob- 
jects are  united  by  a  physical  bond  analogous  to  that  which 
attaches  the  planeta  to  the  sun. 

But  apart  from  the  proofs  of  real  proximity  which  exist  respect^ 
ing  many  of  the  double  atars,  and  which  will  presently  be  explained, 
it  has  been  shown  that  the  probability  a^aitist  mere  optical  juxta- 
position such  as  that  described  above  is  aliuost  infinite.  I*rofes8or 
Stnive  has  shown  that,  taking  the  nnniberof  stars  whose  existence 
has  been  aacertained  by  observation  down  to  the  7th  rnajrnitude 
iuclusive,  and  supposijcig  them  to  be  scattered  furtuitoiii'ly  over  the 
entire  firmament,  the  chances  against  any  two  of  th^m  having  a 
position  &o  close  to  each  other  a.**  4"  would  be  9570  to  i.  But 
when  this  calculation  was  made,  cousidembl y  more  tlian  1 00  cases 
of  such  duple  jujctaposition  were  ascertained  to  exist.  The  same 
a4*tronomer  also  calculated  that  the  chanct^s  a^'^aiTiM  a  thiixl  star 
fiilling-  within  32"  of  the  first  two  would  be  173,5:24  to  one; 
yet  the  firmament  presents  at  least  foar  «nch  triple  combinations. 

Among  the  most  striking  examples  of  dotiLle  stars  may  be 
mentioned  the  bright  star  Cantor,  which,  when  sufficiently  magni- 
fied, ifl  proved  to  consist  of  two  stars  between  the  thirtl  and  fourth 
iiirtgnituiiea,  within  five  seconds  of  each  other.  There  are  many, 
however^  which  are  separated  by  inlervals  less  than  one  second  j 
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?uch  as  •  Anetii,  Atlas  Pteiadunif  y  Conmm,  ij  ft&d  f  SerculiSf  nod 
T  and  A  Ophiuchi, 

69^.  ArcTisi«iit  af^nvt  mere  optlcml  doUlile  stmr*  deriv^a 
f^mtbalr  proper  metioa. —  Aaotber  argument  afrainst  the  sup- 
positiou  of  mere  forluitous  optic^  juxtApoaitioo,  unatteiided  bv 
ftnj  phpical  connection,  is  derived  from  a  circumfltaiacc  which  will 
be  fully  explained  hero iirter-  CertftiE  stars  have  been  aftcertaiiied 
to  have  0  projier  motion,  that  is,  a  motion  ejccluaively  belonging' 
to  each  individual  star,  in  which  the  stars  around  it  do  not  paili- 
cipate.  Now,  some  of  the  doiiMe  atara  ha\'e  ewh  a  motion.  If 
one  individuiil  of  the  pair  were  ailVcted  by  a  proper  motion,  in 
which  the  other  does  not  partieipate',  their  separation  at  some 
Bidjsequent  epoch  would  become  inevitable,  since  one  would  neces- 
sarily move  away  from  the  other.  Now,  no  such  separation  has 
in  any  instance  bt'en  witnes.'*ed.  It  follows,  therefore,  that  t3ie 
proper  motion  of  one  equally  affecta  the  other,  and  consequently, 
that  their  juxtaposition  is  real  and  not  meroh'  opticjd. 

696.  Strave's  olasalfleatloti  of  doul»le  atara.  —  The  sys- 
tematic observation  of  double  siarSp  and  their  r&duetion  to  a  cata- 
logue with  iudividual  deaciiptiona,  conimeuced  by  Sir  W.  Herschel, 
hafl  been  continued  with  gi^eat  activity  and  aiiccesa  by  Sir  J. 
Herschel,  Sir  J.  South,  and  Professor  Stmve,  m  that  the  number 
of  these  objects  now  known,  as  to  character  and  position,  amountJi 
to  several  thousand,  the  individuals  of  each  pair  being^  less  than 
32"  asunder.  Thoy  have  been  classed  by  Professor  Stnive  ac- 
cording to  their  distances  asunder,  the  first  cIbss  being  separated 
by  a  distance  not  exeet>ding  i",  the  second  between  l"  and  2", 
the  third  between  2''  and  4",  the  fourth  between  4"  and  8",  the 
fifth  betwet^  3"  and  12",  the  sixth  between  tz"  and  16",  the 
seventh  between  16"  and  24",  and  the  eighth  between  24" 
find  32'^ 

697.  Belectton  of  double  atara. —  Tlie  double  stars  in  the  fol- 
lowiog  Table  have  been  selecttjd  by  Sir  J.  Herschel  from  Btmve's 
eati^ogue,  as  remarkable  examples  of  each  class  well  adapted  for 
obaerrations  by  amateurs,  who  may  be  disposed  to  try  by  them 
the  efficiency  of  telescopes.     (See  next  poffe*) 

698.  Golomred  doiLbl«  atan. — One  of  the  characteTS  obeerved 
among  the  double  stars  is  the  frequent  occurrence  of  ataxs  of 
different  colours  found  together.  Sometimes  these  colours  are 
complementary  (0»  185];  and  when  this  occurs,  it  is  poasible 
that  the  fainter  of  the  two  may  he  a  white  star,  which  appears  to 
have  the  colour  complementary  to  that  of  the  more  brilliant,  ic 
consequence  of  a  well -understood  law  of  vision,  by  which  the 
retina  being  highly  excited  by  light  of  a  particular  colour  m  ren- 
dered  msensible  to  lees  intense  light  of  tJie  same  colour,  so  that 
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the  complement  of  tlie  whole  light  of  the  faieter  stjiT  finds  tb© 
letina  more  sensiblfi  than  that  part  which  h  identical  id  c<.>kmf 
with  the  brighter  fltar,  and  the  inipreasion  of  the  complera^'nt^ry 
culour  ftccordingly  pnerttilfl.  In  many  cases,  however,  the  dif- 
ference of  colour  of  the  two  atari  ia  reaL 

^\^^etl  the  ctjloure  are  compkvmentArY,  the  more  brilliatjt  star 
is  prenerally  of  a  bright  red  or  ortnge  colour,  the  Bmoller  appearing 
bluish  or  greenish.  The  double*  atars  t  Cancri  and  y  Andromedie 
are  exwuplea  of  thia-  According  to  Sir  J.  Htrschel,  insulated 
atam  of  a  red  colour,  some  almoet  blood-red,  ocrur  in  many  parts 
of  tbe  heavens ;  but  no  example  has  been  met  with  of  a  decidedly 
green  or  blue  star  unaaaociated  with  a  much  hrig:hter  companion. 

6gg.  TH^l*  and  «t3i«r  multiple  ■tanw  —  l>\lien  tekflcopea  of  j 
the  greatest  efficiency  are  directed  upon  iome  stars,  which  to  more 
ordinary  initrumenta  appear  only  double,  they  prove  to  conaiat  of 
three  or  more  stairs.    In  some  cases  one  of  the  two  companiona  only 
is  double,  eo  that  tbe  eotire  combination  Ia  triple.    Jn  others  both 
Are  double,  the  whole  being,  therefore,  a  quadruple  itar.    An  ex- 
ample of  this  latter  claas  is  pregented  by  the  star  t  LyrtB.     Some- 1 
times  the  third  star  ia  much  smaller  than  the  prineipiil  ones,  for] 
example,  in  the  cases  of  J"  Cancri,  f  Scorpii,  1 1  Monocerotis,  and! 
12  Lyncis,     In  others,  as  in  e  Orionifl,  the  foor 
component  stars  are  all  conapicuoiis. 

700^  Attempts  to  discover  ftie  st«tl»r  pa- 
rallax ipy  double  ■.tuirs.— Wlien  the  flttention  of 
aatronomers  was  lirat  attracted  to  double  starH,, 
it  was  tboupht  they  would  afford  a  most  promisii^^ 
means  of  determining  the  annual  parallax,  and 
thereby  discovering  tbe  distance  of  the  atars.  If 
wo  suppose  the  two  individuala  composing  ft 
double  atar,  bebg  eituate  very  nearly  in  the  same 
direction  na  seen  from  tbe  earth,  to  be  at  very 
difff^rent  distances,  it  might  be  expected  that  their 
npjiai-ent  relative  position  would  vary  at  different 
seasons  of  the  year,  by  reason  of  the  change  of 
position  of  the  earth. 

I^t  A  and  B,  Ji^.  99,  represent  tbe  two  indi- 
viduals composing  a  double  star.  Let  c  and  i) 
represent  two  poaitions  of  the  earth  in  its  annual 
orbit,  eeparat'ed  by  an  interval  of  half  a  year,  and 
pimped  therefore  on  oppoeite  sides  of  the  sun  B. 
rif .  99.  ^^^Jen  viewed  from  c,  the  star  b  will  be  to  the 

left  of  tbe  star  A;  and  when  viewed  from  D, 
it  will  be  to  the  right  of  it  During  the  intermediate  six  montha 
the  relative  change^  of  position  would  gradually  he  effected^  and 


1 


DOUBLE  STARS.  409 


the  one  star  would  thus  appear  eitlier  to  revolve  aimiinlliy 
the  otber,  or  would  oscillate  s^mi-annwaUy  lr«irn  mde  to  side  of 
the  other.  The  extent  of  its  play  compared  with  the  diameter  c  D 
of  the  earth *ft  oibit,  would  sirpply  the  data  necessarj*  to  deteroiinB 
the  proportion  which  the  distaace  of  the  «tara  would  bear  to  that 
diameter. 

The  great  problem  of  the  stellar  paraUjuc  seemed  thus  to  be  re- 
duced to  the  measurement  of  the  small  mterral  between  the  indi- 
viduals* of  double  stars ;  and  it  happened  fortunately,  that  the 
micrometeta  used  in  Hstronomical  ingtmmenta  were  capable  of 
meaauring  these  minute  anpleawith  much  greater  relative  accuracy 
thai^  could  be  attaiined  in  the  obwrvations  on  greater  angular  dis- 
tances. To  these  advautageB  were  added  the  absence  of  all  poasible 
errors  arising  from  n- fraction,  ern>rs  incidemtal  to  ^e  gradiuttion  of 
instruments,  from  uncertainty  of  lovuls  and  plumb-lines,  &om  all 
estimations  of  aberratiotj  and  precession  ;  in  a  word,  from  all  e£Eects 
which,  equally  alfwting  both  the  individaid  stars  observed,  could 
not  interfere  with  the  Results  of  the  observations,  whatever  they 
might  be, 

70  J.  Obaerratloiis  of  Sir  "VST.  Beracbel.— These  considerations 
raised  great  hopes  among  aatrinomerst  that  the  meatj.«!  were  in  their 
bands  to  resolve  finally  the  great  problem  of  the  stellar  parallax, 
and  Sir  William  Herschel  accordingly  engaged,  with  all  his  char- 
acteristic ardi^ur  and  sagacity,  in  an  eiteiuiive  series  of  observations 
on  the  numerous  double  stars,  for  the  original  discovery  of  which 
science  was  already  so  deeply  indebted  to  his  Isboura.  He  had  not^r 
however,  proceeded  far  in  his  researches,  when  phenomena  un- 
folded themselves  before  him^  indicating  a  discovery  of  a  much 
higher  order  and  interei?t  than  that  of  the  parallax  which  he  sought. 
He  found  that  the  relative  position  of  the  individuals  of  many  of 
the  double  stars  which  lie  examined  were  subject  to  &  change,  but 
that  the  period  of  tbiii  change  bad  do  relation  to  the  period  of  the 
earth's  motion.  It  is  evident  that  whatever  appenrances  can  pro- 
ceed from  the  earth*9  annual  motion,  must  be  not  only  periodic  and 
regular,  but  must  pass  annually  through  the  same  series  of  phases, 
always  showing  the  same  phase  on  each  return  of  the  same  epoch 
of  the  sidereal  year.  In  the  changes  of  position  which  Sir 
William  Herschel  observed  in  the  double  stars,  no  such  series  of 
phases  presented  themselves.  Periods,  it  is  true,  were  soon 
developed ;  but  these  periods  were  regulated  by  inten'als  which 
neither  agreed  with  each  other  nor  with  the  earth's  annual 
motion, 

702.  Bla  dlsoo-verr  of  tilnarj  atara. — Some  other  eseplanation 
of  the  phenomena  mu?t,  thereforej  be  sought  for ;  and  the  illustrious 
observer  soon  arrived  at  the  conclusionj  that  these  apparent  changes 
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of  position  were  due  to  real  motions  in  the  stare  liieiDselveB ;  that 
thes«  atars,  in  fact,  moved  in  proper  orbits  in  the  afime  manner  tts 
the  plftneta  moved  around  tiie  ?nn.  The  slowness  of  the  aucoessjon 
of  changEg  which  were  ohserved,  rendered  it  necesaary  to  wat<?h 
their  progress  for  a  lonj<^  p€rriod  of  time  before  their  motions  could 
be  certainly  or  accurately  known ;  and  ftccordinglVf  although  these 
researches  were  commenced  in  1778,  it  was  not  until  the  year 
1 803  that  the  ohsen^er  had  collected  data  stifficient  to  ju|tily  any 
poBitivG  eondusion  respecting  their  orbital  motions.  In  that  and 
the  following  year^  Sir  William  Herschel  announced  to  tbe  Boyal 
Society^  in  two  memorable  papers  read  before  that  hody,  that  there 
exist  sidereal  systems  consisting"  of  two  stars  revolving  about  each 
other  in  regular  orbits,  and  constituting  what  he  called  binctry  BtarB^ 
to  distinguish  them  from  double  stars,  generally  so  called-in  which 
no  sm-h  periodic  change  of  position  is  discoverable*  Both  the  indi- 
vidiiiftls  of  a  hinaiy  star  are  at  the  same  distance  from  the  eye  in 
the  same  sense  in  which  the  planet  Uranus  and  its  attendant 
satellites  are  said  to  be  at  the  same  distance. 

More  recent  observation  has  fully  confirmed  these  remarkable 
discoveries.  In  1841,  Madler  published  a  catalogue  of  upwards  of 
100  stars  of  this  rlsAS,  and  every  year  augments  their  nmnber. 
These  stars  require  the  best  telescopes  for  their  observation,  being 
genendly  so  close  as  to  render  the  nse  of  very  high  magnifying 
powers  indispeosable. 

703.  Sxtenslon  of  the  law  of  ipravltatloii  to  tbe  atars. — 
moment  the  revolution  of  one  stm*  nmud  another  was  asc«rt^n 
the  idea  of  the  possible  extension  of  the  great  principle  of  gravita- 
tion to  these  remote  regions  of  the  universe  naturally  suggeste*! 
itself.  Newton  hss  proved  in  his  Principin,  that  if  a  body  revolve  in 
an  ellipse  by  an  attractive  force  direct*^  to  the  focus,  that  force 
will  vary  accoitling  to  the  law  which  characterises  gravitntion. 
Thus  an  elliptical  orbit  became  a  te^  of  the  presence  and  sway  of 
the  law  of  gravitatittn.  If,  then,  it  could  be  ascertained  that  the 
orbits  of  the  double  stars  were  ellipses,  we  should  at  once  arrive 
at  the  fact  that  the  law  of  which  the  discovery  conferred  such 
celebrity  on  tbe  name  of  Newton^  is  not  confined  to  the  solar 
system,  but  prevails  throughout  the  universe, 

704.  Orlilt  of  stair  arouxid  star  empti«. —  The  Jirst  distinct 
system  of  calculation  by  which  the  true  elliptic  elements  of  the 
orbit  of  a  binary  star  were  ascertained,  was  supplied  in  1  830,  by 
M.  Savaiy,.  who  showed  that  the  motion  of  one  of  the  most  re- 
markable of  these  stars  (£  Unkr  majoru)  indicated  an  elliptic 
orbit  described  in  58}  years*  Professor  Encke,  by  another  process, 
arrived  at  the  fact  that  the  alar  70  Ophiuchi  moved  in  an  ellipse 
with  a  period  of  74  years.     Several  other  orhita  were  ascertained 
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mad  computed  by  Sir  John  Heirschel,  MM.  Miidler,  Hmd,  Smjrfeb, 
and  others. 

70$.  K«ai^]cAlila  ciue  of  y  ViI^stIll».—  The  nio^t  remarkable 
of  these,  ftcc*irdin^  to  Sir  John  Herachel,  is  7  Virffinis ;  not  only 
on  account  of  the  length  of  h^  period,  but  by  reason  also  of  the 
greftt  diminutioii  of  apparent  diatunce  and  mpid  incxeiiBeof  angtilar 
motion  About  tftch  other,  of  the  individaak  oompoaing  it.  It  is 
a  bright  fltaj  of  the  fourth  iiifl;^nii(udt»p  amd  iU  component  stars  are 
almost  exactly  equal.  It  hfts  been  known  to  consiat  of  two  stars 
aince  the  beginning  of  the  eighteenth  century,  their  distAnce  being 
then  between  six  and  seven  seconds  ;  so  that  any  tolerably  good 
telescope  would  resolve  it.  Since  that  time  they  have  been  in 
conjunction,  so  that  no  telescope  that  was  not  of  very  superior 
quality  was  competent  to  show  them  otherwise  than  as  a  single 
star  aoraewhftt  lenjiithened  in  one  direction.  At  the  present  time 
the  stars  have  passtd  each  other,  thtir  angulur  dif?tance  being 
about  four  seconds.  It  fortunately  happens  that  Bradley,  in  171  8, 
noticed  and  recorded,  in  the  margin  of  one  of  his  obsen'ation- 
books,  the  apparent  direction  of  their  line  of  junction  as  being 
parallel  to  that  of  two  remarkable  stars  a  and  A  of  the  sauie  con* 
Btellationj  as  seen  by  the  naked  eye.  They  are  entered  also  as 
distinct  stars  in  Mayer's  catalogue ;  and  this  atfords  also  another 
means  of  recovering  their  relative  altuatioD  at  the  date  of  bis  ob- 
servations, which  were  made  about  the  year  1756.  Without 
partdcuUriaing'  individunl  mejitsuremeats,  which  will  be  found  in 
their  proper  repoditories,  it  will  suffice  to  remark,  that  their  whole 
series  is  represented  by  an  ellipse. 

706.  singular  pliAnomena  produced  by  odo  molar  ayateiii 
tlia*  revolvlag  round,  amotlier.  —  To  undcrstaiid  the  curious 
«?|jt'cta  which  must  attend  the  viut  of  a  leaser  sun  with  it«  attend- 
ant planets  revolving  round  a  greater,  let  the  larger  sun,  ji¥y.  100, 
with  its  planets  be  represented  as  s,  in  the  focus  of  an  eDipse,  in 
which  the  leaser  sun  accompanied  by  it4  planets  moves.  At  k  this 
latter  sun  is  in  itA  perihelion,,  and  nearest  to  the  greater  sun  8. 
Moving  in  its  periodical  course  t<3  B^  it  is  at  ita  mean  distance  from 
the  sun  s.  At  £  it  is  at  aphelion,  or  its  most  distant  point,  nod 
£aally  returns  through  c  to  its  perLhelion  a.  The  sun  s,  because 
of  its  vast  distance  from  the  system  a,  would  appear  to  the  in- 
habitants of  the  planets  of  the  system  A  much  smaller  than  their 
proper  sun ;  but,  on  the  other  hand,  this  effect  of  distance  would 
be  to  a  certain  extent  compensated  by  its  greatly  superior  magni- 
tude ;  for  analog  juatifie?  the  inference  that  the  sun  a  is  greater 
than  the  aun  a  in  a  proportion  equal  to  that  of  the  magnitude  of 
our  8un  to  one  of  the  planets.  The  inhabitants  of  the  planets  of 
the  system  a  will  then  behold  the  spectacle  of  two  sum  in  their 
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linnAment.    The  annual  motion  of  one  of  these  suna  will  be  de- 
l«miined  by  the  motion  of  the  planet  i\Mf  in  its  orbit,  but  that  of 

the  oth(>r  and  more  dktant 
6un  will  be  detcnnined  by 
the  period  of  the  lesaer  sun 
(iround  the  greater  in  the 
nrbit  A  B  d  c.  The  rotntion 
of  the  planets  on  their  axe* 
will  produce  two  days  of 
(*i[jnal  len^'lh,  but  not  com- 
mencing or  ending  sitnuJt*- 
ueonsly.  There  will  bo  in 
irenciid  two  sunrises  aud  (ico 
ftmtsets!  When  a  plaufft  is 
situate  in  the  pnrt  of  ita 
orbit  between  the  two  snnfl, 
there  will  be  no  nipht.  ITio 
two  suna  will  then  be  plaqed 
tfxnctly  as  onr  fiun  and  moon 
are  pi  need  when  the  tnoon  is 
fidl.  When  the  one  sun  Bets, 
the  other  will  rise ;  and  when 
the  one  rises,  the  other  will 
set.  There  will  be,  therefore, 
continual  day.  On  the  other 
hand,  when  a  planet  is  at  such 
A  part  of  ita  orbit  that  both 
suns  lie  in  nearly  the  same 
direction  as  Been  from  it, 
both  suns  will  rise  and  both 
will  eet  together.  There  will 
then  be  the  ordiniuy  alternation  of  day  and  night  as  on  the  earth, 
but  the  day  will  have  more  than  the  usual  splendour^  being  en- 
lightened by  two  flims. 

In  all  intermediate  seasons  the  two  suns  will  rise  and  set  at 
different  timefi»  During  a  part  of  the  day  both  will  be  seen  at 
once  in  the  heavens,  occupying  different  place?,  and  reaching  the 
meridian  at  different  times.  There  will  be  twi>  noons.  In  the 
morning  for  some  time,  more  or  less,  aceording  to  the  season  of  the 
year,  one  »\m  only  will  be  apparent,  and  in  like  manner,  in  the 
evenings  the  sun  whie^b  firat  rose  will  be  the  first  to  set,  leaving  the 
dominion  of  th©  heavens  to  its  splendid  companion. 

The  diurnal  and  luitiiial  phenomena  incidental  t^>  the  planets 
attending  the  central  sun  8  will  not  be  materially  diflereut,  except 
that  to  them  the  two  suns  wiU  hare  extremely  different  magai- 
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tudos,  ftnd  will  afford  proportional! v  different  degrees  of  light. 
The  lesser  **im  will  appear  mwih  smaller,  both  on  account  of  its 
really  inferior  ma^'tiltude  and  its  vastly  grt^ater  distance.  The  two 
days,  thc^refore,  when  they  occur,  will  be  of  very  different  splendour, 
one  being  probably  as  much  brig^hter  than  the  other  as  the  li^j^ht  of 
noonday  ia  to  that  of  full  moonlight,  or  to  that  of  the  morning  or 
evening  tw'ilig-ht 

But  these  singular  viciasitudea  of  light  will  become  still  more 
striking  when  the  two  buhb  diffuse  light  of  different  colours.  Let 
US  examine  the  very  common  case  of  tbe  combination  of  a  crimson 
with  a  hlw  8un,  In  genei-al,  they  will  rise  at  different  times. 
When  the  blue  riaes,  it  will  for  a  time  preside  alone  in  the  heavens, 
ditfusinp  a  blue  morninir.  Its  crinij^on  companion,  however,  6onn 
appearing,  the  lights  of  both  beinp  blended,  a  white  day  will  fol- 
low. Ab  eveninji:  approaches,  and  the  two  orbs  descend  tfjwttrd 
tbe  western  horizon,  the  bine  sun  will  hi*st  set,  leaving  the  cnmson 
one  (done  in  the  heavens.  Thus  a  ruddy  evening-  closes  thia  curioiu 
succession  of  varying  lights.  As  the  year  rolls  on,  these  changes 
will  be  varied  in  every  conceivable  manner.  At  those  seasons 
when  the  suns  are  on  opposite  aides  of  a  planet^  criniaon  and  blue 
days  will  alternate,  without  any  inter\^onirig  night  j  and  at  the 
intermediiite  epochs  all  the  various  intervals  of  rising  and  aettiu|p 
of  the  two  suns  will  be  exhibited. 

707.  Miafiiltiifl«s  of  tlie  at«ll«r  ortilts,  —  It  is  evident  that 
in  any  ease  in  whirh  the  parallax  of  a  binary  star,  and  conse- 
quently its  distance  from  our  system^  baa  been  or  may  be  discovered, 
the  magnitude  of  the  orbit  of  one  described  round  the  other,  can 
be  determined  with  a  precision  and  certaintj'  proportional  to  those 
with  which  the  parallax  is  known.  For,  in  that  case,  the  linear 
value  of  I"  at  the  star  will  he  found  by  dividing  the  earth's  dis* 
lance  from  the  Bun.  by  the  pandlai  expresiMMi  in  seconds. 

The  binary  stars  6 1  Q/ffni  and  /j  Centauri  supply  examples  of 
tbe  application  of  this  principle.  The  parallsjc  of  these  stars  has 
been  ascertained  (171).  That  of  61  Cygni  is  0*348,  and  the 
Fenii-axis  nf  the  elliptic  orbit  of  one  star  roimd  the  other  is  i  5"' 5, 
The  eemidiameter  of  tbe  earth's  orbit  being  d,  therefore,  the  linear 


value  of  i'^  at  the  star  is 


orbit 


0348 


f  and  the  bcmi-axis  a  of  the  stellar 
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It  appears,  therefore,  that  the  semi-ajcis  of  the  orbit  is  greater  than 
that  of  Neptune's  orbit  in  the  ratio  of  3  to  2. 
Tbe  angle  iubtended   by  the  semi-axis  of  the  elliptic  orbit 
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of  o  Centauri  is  not  bo  certainly  knowD,  hut  ia  taken  to 
about  12".  The  paraliai  of  thia  star  being  o"-976,  w©  »k< 
tlien  have 

a==i>  X  -i^=  12-30  D. 
0-976 

The  Muni-axia  of  the  BteUar  orbit  woukU  therefore,  be  rather  more 
thui  one-quarter  greater  than  that  of  the  orbit  of  Saturn. 
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708.  The  mtarm  Dot  abflolately  &x»A,  —  In  common  parlance 
the  atars  are  said  to  h^Jixed,  Tliej  huve  received  this  epithet  to 
diatingtiiah  them  froiu  the  planeta,  the  sun,  nnd  the  mcwn,  all  of 
which  Gonstantly  undergo  changes  of  app^ireut  position  on  the 
fiir£Ma  of  the  heaTens.  The  etaiia,  on  the  contrarjr,  so  far  as  the 
powers  of  the  eye  unaided  by  art  can  diacover,  never  change  their 
relative  position  in  thti  lirmament,  which  seemB  to  be  carried  round 
us  by  the  diumal  moticm  of  the  sphere,  just  tm  if  the  stars  were 
attached  to  it,  and  merely  shared  in  its  apparent  motion. 

But  the  stare,  though  subject  to  no  motion  perceptible  to  the 
naked  eye,  are  not  absolutely  fixed.  When  the  place  of  a  star  on 
the  heavens  is  exactly  observed  by  means  of  prood  astronomical 
instrumentfl^  it  ig  found  to  be  subject  to  a  change  from  month  to 
month  and  frt>ni  year  to  year,  small  indeed^  but  still  easily 
observed  and  certainly  ascertained, 

709.  Tbe  aun  oat  a  fixea  centre.  —  It  has  been  demonstrated 
by  Laplace,  that  a  system  of  bodiejs,  such  as  the  solar  system,, 
placed  in  space  and  siibmitted  to  no  other  continued  force  except 
the  reciprocal  nttractioos  of  the  bodies  which  compose  it,  must 
either  have  its  common  centre  of  gravity  stationary  or  in  a  state 
of  uniform  rectilinear  motion. 

7 1  o.  Bffeot  of  ttie  aim's  siippoMiit  motion  on  tbe  appareBt 
place*  or  the  atai-ft.  —  The  chances  ag'ain.ft  the  conditions  which 
would  n-nder  the  aun  stationiiiy,  compared  with*  those  which 
would  g:ive  it  a  motion  in  mnie  direction  with  mme  velocity,  are  so 
numerous  that  we  may  pronounce  it  to  bo  morally  certain  that  our 
aystem  is  in  motion  in  some  determinate  direction  through  the 
universe.  Now,  if  we  suppose  the  sun  attended  by  the  planet* 
to  be  thus  moved  through  space  in  any  direction,  an  observer 
placed  on  the  earth  would  see  the  effects  of  such  a  miotion,  aa  a 
spectator  in  a  steamboat  moving  on  a  river  would  perceive  hia 
progreaeive  motion  on  the  stream  by  an  apparent  motion  of  the 
banks  in  a  contrary  direction.  The  observer  on  the  earth  would, 
there fore^  detect  such  a  motion  of  the  solar  system  throogh  space 


PROPER  MOTION  OF  THE  STARS, 


41S 


hj  tW  Apparent  motion  in  the  contrary  diiection  with  wliicli  the 
Btars  would  be  jL^fected. 

Suck  A  motion  of  the  solar  eyatem  would  afTfct  dilT^3reiit  &tara 
diflfereutly.  All  would,  it  is  true,  appear  to  be  affected  by  a 
coDtruy  motion,  but  all  would  not  be  equally  affected-  The 
nearest  would  appeajr  to  have  the  most  perceptible  motion,  the 
more  renioto  woidd  be  affected  in  a  less  degree,  aad  some  mijfht, 
from  their  extreme  distance,  be  so  slightly  affected  as  not  to  exhibit 
any  apparent  change  of  place,  even  when  examined  with  the  nios^t 
deliieate  instruments.  To  whatever  degree  each  star  might  be 
affected,  all  the  changes  of  position  would,  however,  apparently 
take  place  in  the  same  direction. 

The  apparent  efllscts  would  also  be  exhibited  in  anolJier  manner. 
The  stars  in  that  region  of  the  universe  toward  which  the  motion 
of  the  eyatem  is  directed,  would  appear  to  recede  from  each  other. 
The  spac<?fl  which  separate  them  would  seem  to  be  penally  aug- 
mented, while,  on  the  contrarj',  the  stars  in  the  opposite  quarter 
windd  seem  to  be  crowded  more  clo.<ie]y  together,  the  distance* 
bi-'tween  atar  and  star  bfing-  gradually  diminished.  This  will  bo 
more  cl»:'arly  comprehended  by^.  lOl. 

Let  the  line  a  a'  represent  the  direction  of  the  motion  of  the 
Bystem,  and  lot  s  and  8'  represent  its  poailiong  at  any  two  epocha. 
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At  s,  the  stars  a  b  c  would  be  separated  by  inbervala  meaam^d  by 
the  angles  a  ft  b,  and  b  s  c,  while  at  s' they  would  appear  separated 
by  the  leaser  anglea  A  s'  B,  and  B  b'  c.  Seen  from  s',  the  stars  a  b  c 
would  seem  to  be  closer  together  than  they  were  when  seen  from 
s.  For  like  reaftons  the  stars  ah  Cf  towards  which  the  system  is 
here  supposed  to  move,  woidd  seem  to  be  closer  together  when  seen 
from  8,  than  when  f6eo  from  fl'»  Thus,  in  the  quarter  of  the 
heavens  towards  which  the  system  is  moving,  the  stius  might  be 
expected  to  separate  gradually,  while  in  the  opposite  quarter  they 
won  Id  become  more  condeneed.  In  all  the  intermediate  parts  of 
the  heavens  they  woidd  be  affected  by  a  motion  contrary  to  that  of 
the  solar  eyatenu  Sucb  in  general  woiild  be  the  effects  of  a  pro- 
grestsive  motion  of  our  system. 
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711.  ICotloii  of  tbe  «iii  Inferred  from  tlie  pr<»pep  aetlMi 

of  the  bUw*,  —  Altliough  no  genenil  ellkt  of  tbia  kind  has  been 
manifested  in  anj  eonsptcuoua  meLnner  amon^  the  ifixed  BttaSf  manj 
of  llie»o  objects  hflvo  Iw^eu  found,  in  long  periods  of  time,  to  have 
idiifted  their  poflition  in  a  very  eeuaiMo  degr&e.  TliiLs,  for  example, 
the  three  stars,  Sirius,  Arcturua,  and  Aldebaraa^  hftve  uudergone, 
since  the  tints  of  Hipparchus  (ijo  B.C.),  a  change  of  position 
aouthwarda,  amounting  to  considerflbly  more  than  half  a  d< 
The  double  star  6 1  Cjgni  hm,  in  half  a  ceDtun%  moved  throi 
nearly  4'' 5,  the  two  stars  composing  it  being  earned  along  in 
lines  with  common  velocity.  The  stars  t  Indi  and  i*  Cosslopeiie 
move  at  tbe  rate  of  j""J^  and  3 "'74  annually. 

Various  attempts  have  been  made  to  render  these  and  other  like 
changea  of  apparent  position  of  tbe  fixed  stara  eompatihle  with 
some  assumed  motion  of  the  mm.  Sir  W,  Heret-hel,  in  i  jSj^ 
reasoning  upon  the  proper  motions  which  bad  then  been  observed, 
arrived  at  the  condndon,  that  such  appearances  might  be  explained 
by  supposing  that  the  sun  bus  a  motion  directed  to  a  point  near 
the  alar  A  Herculis,  About  the  same  time,  M-  Prerost  came  to  alike 
conclusion,,  astsigningjriowever,  the  direction  of  the  supposed  motion 
to  a  point  diHering  by  zj'^  from  that  indicated  by  Sir  W.  HerscheL 

Since  that  epoch  the  proper  motions  of  the  stara  bare  been  more 
extensively  and  accurately  t>lj«*>rved,  and  calculations  of  the  moticti 
of  the  sun  which  they  indicate,  have  been  made  by  several  astro- 
nomers. The  following  points  have  been  assigned  as  the  directioQ 
of  the  solar  motion  m  1 790 : — 


260^  34' 

63^  43' 

Sir  W,  Herachel. 

256   25 

5»    23 

Argelander. 

155    JO 

51   26 

ratto. 

161    11 

59     * 

Ditto. 

252   53 

75  3+ 

LuhndahL 

261     22 

52   24 

Otto  Struve. 

261     29 

65    16 

Airy. 

263    44 

65     0 

Airy  and  Dunkin. 

The  first  eatim  ate  of  Argelander  wna  made  from  tbe  proper  motions 
of  21  stars,  each  of  which  has  an  annual  motion  greater  tlian  l"; 
the  second  from  50  stars  having  annual  praper  motions  between  i" 
and  o""5r  and  the  third  from  thoae  of  319  stars  having  motions 
between  o"  5  and  o'l.  The  estimate  of  M.  Luhndahl  isbaned  on 
the  motions  of  147  stars,  that  of  M.  Struve  on  392  stays,  that  uf 
Mr.  Airy  on  1 1 3  stars^  and  that  of  MM.  ALry  and  Dunkin  on  1 167 
stars.     (See  Appendix,  8 1 2-) 

The  mean  of  all  these  estimates  is  a  point  whose  right  osrensioa 
259^  6',  and  north  polar  distance  60°  29',  which  it  will  be 
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Bf^n  dtflers  \ery  little  from  the  point  originally  aligned  bj  Sir  W. 
IlemcheL 

The  preceding?  calculations  beinpf  based  j^oerally  on  obaerva- 
tioDA  of  stars  in  the  northern  hemiaphere,  it  was  obvioualT 
d«3«irftble  tbat  aimiJar  flatimat^s  flhould  be  niado  froni  the  ob- 
served proper  motiona  of  southt^rn  futara.  Mr.  Gallowaj  under- 
took and  ux&cutcd  theae  calculations  f  and  found  that  tbe 
southern  a  tars  gave  the  direction  of  the  aolar  motion  for  1 790^  to  be 
towards  a  point  whoati  right  ascenaion  is  260^  1',  and  north  polar 
distance  55^  37', 

No  doubt,  therefore^  can  remain  that  the  proper  motion  of  the 
stars  is  produced  by  a  real  motion  of  the  s^jlar  system,  and  that 
the  direction  of  this  motion  in  1 790  was  towards  a  point  of  space 
which,  aeen  from  the  tht^n  position  of  tho  syflteni,  hnd  the  right  as- 
cension of  about  260'^y  and  the  north  polar  distance  of  about  60^. 

7IZ.  Veloettr  of  tbe  vsIkt  motion.  —  It  follows  from  these 
calculationa,  that  the  averw^  displacement  of  the  etars  requires 
that  the  motion  of  the  aun  should  be  auch  as  that  if  ita  direirtioii 
were  at  right  angles  to  a  visual  ray,  drawn  from  a  star  of  the  first 
magnitude  of  average  dbtancei  ite  apparent  annual  motion  would 
be  o''-3  592 ;  and  taking  the  average  ptirallax  of  such  a  star  at  o"*209, 
it  folio wstj  theroforB,  that  the  annual  motion  of  the  aun  would  he 
148,500,000  miles,  a  velocity  equal  to  something  mure  than  the 
fourth  of  the  earth's  orbital  motion. 

713..  Tbo  prottable  centre  of  ■elar  motlon« — The  motion  of 
tbe  suu,  which  has  been  computed  in  what  precedes,  is  tbat  which 
it  bad  lit  a  particular  epoch.  No  account  ia  tiiken  of  the  posaible  or 
pr<>bable  changea  of  direction  of  such  motion.  To  suppose  that  the 
ttolar  ayatem  should  move  coiitinuou.'jly  in  one  and  the  same  direction, 
would  be  equivtdent  to  the  supposition  that  no  btwiy  or  collection 
of  bodiija  in  the  universe  would  exercise  any  attraction  upon  it. 
It  is  obviously  more  constjatent  with  probability  and  analogy,  that 
the  motion  of  the  system  is  orhitnl^  that  U  to  say,  that  it  revolvea 
round  norne  remote  centre  of  attraction,  and  that  the  direction  of 
ita  motion  muat  continually  change,  althuugb  such  change, 
owing  to  the  great  magnitude  of  ita  orbit,  and  the  relative  slow- 
ness of  its  motion,  be  so  veiy  alow  u.^  to  be  q^uite  imperceptible 
within  even  tbe  longest  interval  over  wbich  astronomical  records 
extend. 

Attenipta  have,  nevertheleaa,  been  made  to  determine  the 
centre  of  the  &olar  motion ,-  and  Dr,  Miidler  hna  thro^sTi  out  a  sur- 
inlm  that  it  lies  at  a  point  in  or  near  the  small  oonstellatioo  of  the 
Pleiades. 

This  and  like  epeculalioDB  must,  however^  be  regarded  &s  con- 
jectmiil  for  the  pre»eut 
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TMB  fORM  AWD   niMRXSIOXa  OF  THK   31  AW  OF  STARS  WTIlClI  CDM70SB 
THE    VISIULt   KIKMAMfc^T, 

7 1 4,  DIstriButloti  of  Btarfl.  on  tbe  flnaJun^Dt*  —  The  aspect 
of  tbe  firaianienl  might,  at  tirst,  impress  the  mind  of  &q  obse 
TB^ith  the  kleft  that  the  numtToua  stars  st'attt^red  over  it 
deetitut*^  of  finy  liiw  or  regiilarit}*  of  arraDjTt>ujei»t,  nodi  that  their ' 
disstribntion  is  like  tlie  fortiiitous  posiiiou  whit-h  objtf<-t«t  casually 
flunj^  u|Mjii  »iiL"h  a  .^urfai  e  mig-lit  be  iiujigiwfd  to  ftssame.  If, 
howiiver,  the  ditierent  regrioDs  of  the  heaveus  be  more  rarcfiilly 
examined  and  compnred,  thi»  first  impreKsion  wiW  be  corrected, 
and  it  will,  ob  the  con  t ran',  be  found  tliat  the  distnbntion  of  the 
stars  ovt?r  thi'  surface  of  the  eeleatirtl  RpLere  Iblluws  a  distinct  and 
wc'll-defiiieil  hiw;  tliiit  thcic  deiisitr,  or  the  nunibti  of  them 
which  is  found  in  a  i^iven  ^^nice  of  the  ht»Av-enB,  vime»  refrnltirlv,  in- 
creBaiiip  continirally  in  certnin  directions^  and  decreasinj^  in  (»ther<. 

Sir  \V,  Ilcr3chf4  submitted  the  henveri?,  or  at  least  tluit  piut  of 
them  which  ia  olworvaljle  in  tlicfty  latitiidw,  to  a  rigtirouf*  ttrJoscopic 
Bur^'ey,  cotmtiDg  the  number  of  individual  stara  yit^ible  in  the 
iield  of  Tiew  of  a  t«le!*cope*  of  ghtm  aprture,  focid  length,  and 
magnif^'iD^  power,  when  direct e<l  tf>  diH'eri'iit  parts  of  the  firma- 
ment Tbo  residt  of  this  sun'ey  prc»vcd  that,  an»und  two  points  of 
the  celestial  sphero  diainetriciLlly  opposed  to  each  other,  the  st^rs 
are  more  thinly  sciittered  than  tdsewhere  ;  that  depart! n^j  from 
the^  jK>iDt8  in  tmy  direction,  the  numl«?r  of  gUan  included  in  the 
field  c»f  view  of  the  sumo  telescope  increases  first  slowly,  but  at 
greater  distances  more  rnpidly  ;  that  this  increase  continues  until 
the  telea**ope  receivea  a  direction  at  rig^ht  angles  to  the  dianieter 
which  joins  the  two  opposite  points  where  the  diatrihution  is 
the  least  in  number;  and  that  in  thiJ*  dirt^ction  the  stars  are  so 
closely  crowded  together  that  it  becomes,  in  some  cnseSj  impnic- 
ticable  to  count  them. 

71  5.  Galakotlci  clrol«  and  poles.  —  The  two  opposite  points  of 
the  celestial  sphere,  around  which  the  stars  are  obsened  to  be 
more  thinly  scattered  than  in  other  directions,  have  been  called 
the  GALACTIC  POLES ;  and  the  ^Tvat  circle  at  rifj;^ht  angles  to  the. 
diameter  joining  these  points,  has  been  denominated  the  oalactic 
aRCLE. 

This  circle  intersects  the  celestial  equator  at  two  points, 
situate  I  o*^  east  of  the  equinojcial  points,  and  is  inclined  to  the 
equat^yr  at  an  angle  of  63'^^  imd  therefore  ta  the  ecliptic  ftt  an 
angle  of  40^ 
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In  Tefeiring^  to  and  erplftiniog  the  diajribution  of  the  stars  over 
the  celestial  ephere,  it  will  bo  convf-nit'ut  to  refer  them  to  thia 
ciirle  and  its  polea,  as,  for  other  purposes,  they  have  hoen  reterrtHl 
to  the  equator  and  ita  poles.  We  shall,  therefore,  expre^i  the 
distance  of  difierfeat  points  of  the  tirmament  from  the  galactic 
circle,  in  either  hemispherCi  hj  the  terms  north  or  aouth  OiXACno 

LATITUDE. 

7 1 6.  Vibrlftlloa  of  tbe  itvU^r  denAltjr  Iji  relation  to  tbls 
circle.  —  T\w  elaborate  seriya  of  atell^ir  obsenationj*  in  the 
northern  heiuisphere  maile  during  a.  great  part  of  his  lif<3  by  Sir 
\\\  Herschtil,  and  aubsequeutly  extended  and  continued  in  the 
Bt>uthem  hemtaphere  by  Sir  J.  Herschelj  has  aupplied  data  by 
which  the  law  of  the  distribution  of  the  starsj  act'ording  to  their 
pdactiu  latitude,  haa  been  ascertained  at  least  with  a  near  approxi- 
mation. 

The  gT«at  celestial  survey  executed  by  these  eminent  observers 
waa  conducted  upon  the  principle  explained  above.  The  telescope 
used  for  the  prnqjoee  had  t$  inches  aperture,  20  feet  focal  length, 
and  ft  ma^itying  power  of  1 80.  It  wn»  directed  indiflcriminately 
to  every  point  of  the  celestial  spherti  vifubie  in  the  latitude  of  the 
places  of  observation. 

It  wiiB  by  means  of  a  vast  number  of  distinct  observations  thua 
made,  that  the  position  of  the  galactic  poles  waa  ascertained.  The 
deoaity  of  the  stara^  measured  by  the  number  included  in  each 
*' gauge  "  (aa  tbe  Ut^ld  of  view  waa  eddied),  was  nearly  the  some 
for  the  sarae  galactic  latitude,  and  increased  in  proceeding  from 
the  galactic  pole,  very  slowly  at  first,  but  with  great  rapidity  when 
the  galactic  hititude  waa  much  diminished. 

7 1 7.  S^uvtt'A  an&lyslA  of  Berseliel'a  oliBervatlotis,  —  An 
analysis  of  tbe  observations  of  Sir  W.  llersihel,  iti  the  iiorthern 
hemisphere,  was  made  by  Professor  Struve,  with  the  view  of 
dfltermining  the  raean  density  of  the  stars  in  successive  zones  of 
gal  fustic  latitude ;  and  a  tike  analysis  ha&  been  made  of  the  obser* 
rations  of  8ir  J.  IJo;-schel,  in  the  aoutbem  hemisphere!. 

If  we  imagine  the  celeatial  sphere  reaolved  into  a  succession  of 
EOUMf  each  measuring  1 5"  in  breawlth,  and  bounded  by  parallels  to 
the  galactic  circle,  the  average  number  of  stars  included  within 
a  circle  whote  diameter  is  15',  and  whose  magnitude,  thenjfore, 
would  be  about  the  fourth  part  of  that  of  tbe  dh*k  of  the  sun  or 
,  moon,  will  be  that  which  la  given  in.  the  second  column  of  the 
following  Table. 
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off-ehao^  conducted  Sir  W.  Hersc'liel  to  the  concliwion,  tliat  the 
fitAra  of  our  fimifimpnt,  including  those  which  the  telescope  renders 
viflihk,  as  well  aa  thoae  visible  to  the  naked  eje»  injstead  of  bein|j 
scattered  indiflerently  ua  all  directions  (upound  the  boIbj*  system 
through  the  depths  of  the  imiverro,  form  a  atmtum  of  definite  form 
and  dimetisiona,  of  whicli  the  thiciknesa  bears  a  verj^  small  propor- 
tion to  the  len^h  M\d  breailth,  lunl  that  the  aim  tuid  solar  nystem 
IB  pkced  wilhtii  this  stratum ^  very  Dear  it^  point  of  bifurcation, 
relatively  to  it*  br^^ttdth  near  its  middle  point,  and  relatively  to  its 
thickness  (ba  would  appear  from  the  more  recent  observatioas) 
nearer  to  ita  northern  than  to  its  southern  flurface. 

Let  A  c  H  P,,/%.  102,  represent  a  roug-h  outline  of  a  section  of  euch 
a  stratum^  made  by  a  plane  paaaing  through  or  near  tta  centre.    Let 


Flf.  tax. 

A  D  represent  the  intersection  of  thia  wnth  the  plane  of  the  galactic 
drde,  so  that^  z  being  the  place  of  the  sohu*  system,  z  c  will  be  the 
direction  of  the  norths  and  z  n  that  of  the  eouth  galactic  pole.  Let 
ss  H  represent  the  two  branches  which  bifurcate  from  the  chief 
stratum,  at  B-  Now,  if  w©  iuiagiiie  visual  lines  to  be  drawn  from  t 
in  all  directions,  it  will  be  apparent  that  those  z  c  and  z  r,  which 
are  directed  to  the  galactic  poles,  pass  through  a  thinner  ht^d  of 
stars  than  any  of  the  others;  and  since  z  is  suppo&ed  to  be  nearer  to 
the  northern  than  to  the  aoutbem  side  of  the  atrutum,  z  c  will  pass 
through  a  less  thickness  of  stars  than  z  D.  As  the  visual  linea  am 
inclined  at  greater  and  greater  angles  to  z  A,  their  length  rapidly 
decreases,  aa  is  evident  by  comparing  z  a,  z  b,  and  z  p,  which  ex- 
plains the  fact  that  while  the  stars  ai<e  as  thick  aa  powder  in  the 
direction  z  a*  they  become  less  so  in  the  direction  z  k,  and  etill  le&a 
in  the  direction  7.  p,  until  at  the  poles  in  the  diiectioQS  z  c  and  8  D, 
they  become  least  denae. 

On  the  other  side,  z  B  being  lesa  than  z  A,  a  part  of  the  galactic 
circle  in  found  at  which  the  stars  are  more  thinly  ecattered; 
l>ut  in  two  directto&s,  z  m  intermediate  between  z  b  and  the  gon 
lactic  polesy  they  again  become  nearly  aa  denae  aa  in  the  dIrectioQ  s  jl 
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This  ilhiatrntion  muat,  howOTer,  be  taken  in  a  very  gFneral  senae. 
No  attempt  is  made  to  represent  the  various  ofl-shoota  and  varia- 
tions of  length,  breAdthf  and  depth  of  the  stratum  measured  from 
the  position  of  the  solar  system  within  it,  which  have  heen  indicated 
by  the  telescopic  mtmditujs  of  Sir  W.  Herschel  and  his  illiiatrioua 
son,  whose  wnndroui  labours  have  efifected  what  promises  in  time^ 
by  the  ptr*everiap:  researches  of  their  auccesaorSj  to  become  a  com- 
plete analysis  of  this  moist  marvellous  mass  of  systems.  Meanwhile 
it  may  be  considered  as  demoostrated  that  it  consists  of  myriads  of 
itara  clustered  together : 


**  A  broad  and  ample  roadf  whose  dust  h  gold, 
And  pavement  Hiaxs,  at  tCara  to  uj  appear, 
8«en  in  the  p^alaxy*  that  Milky  Way, 
Like  to  a  drcliog  rone  powdered  witb  stars,"— MtLTON. 


e  appearance  which  this  mass  of  stars  would  present  if  riewt^'d 
from  a  jxiaitioii  directly  above  its  general  plane,  and  at  ii  siiiEc)f;nt 
distance  to  allow  its  entire  outline  to  be  discerned,  was  represented 
by  8ir  WiUiam  Ilerschel  aa  resembling  the  starr)'  stratum  sketched 
in  Plate  XXIX. 

He  considereil  that  it  was  probable  that  the  thicJmen  of  this  bed 
of  stars  was  equal  to  about  eighty  times  the  distance  of  the  nearest 
of  the  fiixed  stars  from  our  system ',  and  supposin;^  our  sun  to  be 
near  the  middle  of  this  thickness,  it  would  follow  that  the  stars  00 
its  surface  in  a  direction  perpendicular  to  it^  general  plane  wovdd 
be  at  the  fortieth  onler  of  diet^mce  from  us.  The  stflirs  placed  in 
the  more  remote  edges  of  its  lenffth  and  breadth  he  estinuit+id  to  be 
in  some  places  at  the  nine -hundredth  order  of  distance  from  us,  so 
that  its  extreme  length  may  bo  &aid  to  be  in  round  numbers  about 
2000  times  the  distance  of  the  nearest  tixed  stars  from  our  system. 
Such  a  space  light  would  take  20,000  years  to  move  over,  moTing 
all  that  time  at  the  rate  of  nearly  zoOjOOO  miles  between  eveiy  two 
ticks  of  a  common  clock  I 


CnAPTER  XXn. 

aVELLAB  CLUSTERS  AUTD  SUEVL,M, 


721.  Tbe  *tan  wtilob  f«mi  the  flrmasaeiit  a  stellar  claater. 
^- Axkolofy  muf^mmtm  tbe  probal^le  eziat«Bc«  of  otbeiv,  —  It 

appears,  then,  that  our  sun  is  an  individual  stru-,  forming  onlv  a 
single  unit  in  a  cluster  or  mass  of  many  millions  of  other  similar 
stars;  that  thia  cluster  has  limited  dimensioiis^  has  ascertainable 


J 
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727.  Fonas  apparent  and  real  of  tlie  nebulse. — Tbe^se  ob- 
jects exhibit  fornia  much  more  various  than  those  presented  by  the 
clustera.  Some  Km  cireukr",  with  more  or  lesfl  precision  of  outline. 
Some  are  elliptical,  the  oval  oiidiiie  having  degrees  of  excentricity 
infinitely  various,  from  one  which  scarcely  differs  from  a  circle,  to 
one  which  is  compreaaed  into  a  form  not  aenaibly  different  from  a 
straight  line.  In  abort,  the  minor  axis  of  the  ellipaea  hears  all  pro- 
portinnA  to  the  major  axis,  until  it  becomes  aveiy  amoll  fraction  of 
the  latter. 

To  infer  the  real  from  the  apparent  forma  of  theae  objects  with 
any  certainty,  there  ore  no  aufhcieut  data,  But  in  the  caaea  in 
which  the  brightneaa  increases  rapidly  towards  the  centre,  which 
it  very  geneirally  does,  it  may  be  probably  conjectured  that  their 
forms  are  globular  or  spheroidal,  for  the  reasons  already  explained 
in  relation  to  the  clusters,  and  this  becomea  the  more  probable 
when  it  is  considered  that  these  nebulffi  are  in  foct  clufiten,  the 
stars  of  which  are  reduced  to  a  nebidons  patch  by  distance, 

Neverthelesa,  these  nebnliB  may  be  strata  of  etara,  of  which  the 
thicimess  is  Bmall  compared  with  their  other  dimensions  ;  and  sup- 
ponng  their  real  outline  to  be  circular,  they  will  appear  elliptical 
if  the  pkne  of  the  afcratum  be  inclined  to  the  visual  line,  and  more 
or  lew  oioentrically  eUiptieol,  according  na  the  angle  of  inclina- 
tion ia  more  or  leas  acute.  In  cases  in  which  the  brightneaa  doe* 
not  increase  in  a  striking  dogfreo  from  the  edges  inwards,  this  form 
is  more  probable  than  the  globular  or  the  spheroidal. 

Nebulau  may  be  conveniently  classed  according  to  their  apparent 
form  and  structure  j  but  whatever  arrangement  may  be  adopted, 
these  objectif  exhibit  auch  varieties,  assume  such  capricious  and 
irregular  forms,  and  undergo  sut-b  strange  and  unexpected  change* 
of  appearance  according  to  the  increftsing  power  of  the  tele- 
Bcope  with  which  they  are  viewed,  that  it  will  always  be 
found  that  great  numbora  of  them  will  remain  unavoidably  un- 
clasaified, 

728*  Bonble  neljulec^Like  individual  stars,  nebulae  are  found 
to  bo  combined  in  pairs  to<>  frequently  to  be  compatible  with  the 
supposition  that  such  combinations  arise  horn  tlie  fortuitous  results 
of  the  sttiall  obliquity  of  the  visual  rays,  which  causes  mere  optical 
juxtaposition. 

These  double  nebulae  are  generally  circular  in  their  apparantf 
and  therefore  probably  globular  in  their  real  form.  In  some  coses 
tbey  are  resolvable  clusters. 

That  such  pairs  of  clusters  are  pliysically  conne>eted  does  not 
admit  of  a  reasonable  doubt,  and  it  is  hii^hly  probable  that,  lik9 
the  binazy  stars,  they  move  Tound  each  other,  or  round  a  common 
centre  of  attraction^  although  the  apparent  motion  attending  such 

I ^ 


STELLAR  CLUSTERS  AND  NEBCJL.^. 


429 


KTolutioD  is  rendei^  so  slow  by  their  imniense  difitanoe  ih&t  it 
car  ouly  Ite  oscertAined  after  the  liq>5e  of  ages. 

729.  Plaii«tar7  netiales. —  Tliis  ciaas  of  objerta  derive  their 
nain»i  fmni  tUf^h  cl'>s«  rojffniLflanc©  to  planetary  disks.  They  art* 
in  j^enei*al  eitht*r  cirenJar  or  veiy  alightly  oval.  In  some  ciMes  the 
diak  u  sharply  dnfinod,  in  others  it  is  hazy  and  nebulous  at  the 
edg«s.  In  &€>nie  the  disk  shows  a  uniform  surface,  and  in  some  it 
has  aa  appearance  wHch  Sir  J.  Ilerachel  describea  by  the  term 

There  i»  no  reaaon  to  doubt  that  the  coniittitution  of  these  objecta 
is  the  eama  as  that  of  other  nebiilse^  and  that  they  are  in  fact 
clustera  of  atara  which  by  mutual  proximity  and  vaat  disttmce  are 
reduced  ttJ  the  fonn  of  planetary  diaka. 

These  objects,  which  are  not  numerous,  prt^aent  aome  remnrkable 
peculiantiea  of  appeanint'e  and  colotir.  It  has  bfen  already  ob- 
•erved  that,  although  the  companion  of  a  red  individual  of  a  double 
•tar  appears  blue  or  green,  it  is  not  certain  that  this  is  its  real 
colour,  the  optical  eftbct  of  the  8tnjng  red  of  ita  near  neighbour 
being  such  an  would  render  a  whit«  star  apparently  blue  or  green, 
and  no  example  of  any  single  blue  or  green  star  has  ever  been 
witnessed.  The  planetary  nebuljo,  however,  present  some  veiy 
renmrkiible  examples  of  the^  colours.  Sir  J.  Herschel  indicatea  a 
W'autiiul  bstauco  of  thist  in  a  planetary  nebula  situate  in  the 
wjuthem  constellation  of  the  Cross.  The  apparent  diameter  is 
I  2",  and  the  disk  h  nearly  circulai-,  vnth  a  well-detined  outlinOt 
and  a  **  line  and  full  blue  colour  verging  somewhat  upon  green." 
Several  other  planetat}^  nebulm  are  of  a  like  colour,  but  more  faint 

The  magnitudes  of  these  stupndous  masaes  of  ntara  may  be  con- 
jectured from  their  probable  distances.  One  of  the  largest,  and 
therefore  pmbably  the  nearest  of  them,  is  situate  near  the  star  ^J  Uraae 
majoris  (one  of  the  pointers).  Its  apparent  diameter  is  2'  40". 
NoWp  if  this  were  only  at  the  distance  of  61  Cygni,  whose  parallax 
lA  known  (i/l),  it  would  have  a  diameter  equal  to  seven  times 
that  of  the  extreme  limit  of  the  solar  system  ;  but  as  it  is  certain 
that  its  distance  must  be  many  times  greater,  it  may  be  conceived 
that  its  dimensions  must  he  enonnous, 

730.  Aamolar  uebulse. —  A  very  few  of  the  nebidsB  have  been 
obserred  to  be  annular.  Until  lately  there  were  only  four.  The 
telescopes  of  Lord  Roase,  have,  however,  added  five  to  the  number, 
by  showing  that  certain  nebulae  formerly  supposed  to  l>e  email  round 
patches  are  really  annular.  It  is  extremely  probable  thiit  many 
others  of  the  smaller  class  of  round  nebuluo  will  prove  to  be 
aunular,  when  submitted  to  further  examination  with  telescopes  of 
adequate  power  and  eigcieucy. 

731.  Spiral  ne^aiBD. —  The  discovery  of  this  class  of  objecta^ 
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the  luoTt  dxtnordinATT  i&d  UDexjMscted  which  modem 
haa  y*it  dii^cloBud  in  stellar  sj^TODtomyf  is  due  to  Lord  Kosae.  Tb 
general  form  and  cbiiracter  may  b©  conceived  by  referring  to  th^ 
represented  in  Plate  XXXIII,^«.  2  knd  6^  aud  Plate  XXXV. ^« 
These  esLraordinaiyfonnfl  are  bo  entirely  removed  from  all  aaalq 
witb  any  of  the  pheDomaoa  present^  either  in  the  motiona  of  t 
m\BX  system,  or  the  conaetSf  or  thoge  of  any  other  objeclo  to  whi 
a]>t»ervatioD  has  been  directed,  that  all  couitr^'ture  om  to  the  pbv6i< 
condition  of  the  masses  of  stars  which  cuuld  assume  such  forj 
would  be  vain.  The  number  of  instances  as  yet  detected  in  whi 
this  form  prevails  is  not  great ;  but  it  is  sufficient  to  prove  t| 
the  phenomenon,  whatever  be  its  cause^  is  the  result  of  the  op«9l 
tioQ  of  some  general  law.  It  is  pretty  certain  that  wheji  the  sai 
powerful  instruments  whiL'h  have  rendered  these  forms  visible 
objects  which  had  already  been  m  long  under  the  ."wmtiny  of  I 
most  eminent  observers  of  the  last  himdred  yeann^  including  Sir! 
and  Sir  J,  Herschel,  aided  by  the  vast  telescopic  pnwt^rs  at  th( 
dispoaitioTj,  without  raisiug  even  a  suepirido  of  their  real  fonn  ■ 
structure^  have  been  applied  to  other  nebulae,  other  cases  of  I 
Mme  pbouumf*u<in  will  be  brought  tu  ligbt.  In  this  point  of  vin 
it  is  much  to  be  regretted  that  the  telescopes  of  Lord  Roase  cam 
have  the  great  advantage  of  being  used  under  skies  more  favon 
able  to  stellar  researches,  eince  the  diw'overy  of  fluch  forms  as  iht 
not  only  reqiiires  instniments  of  such  power  as  Lord  Kosse  aloj 
poftiesses  at  present,  but  also  the  most  favourable  atmosph«| 
conditions. 

732.  irnoiber  of  vobmlse.  —The  number  of  these  objects 
coualless.  Tbe  catalogues  of  Sir  J,  Herschel  contain  above  400 
of  which  the  places  are  assigned,  and  the  magnitudes,  ibnna,  m 
apparent  characters  described.  As  t»b8er^-^ra  are  midtiplied, 
the  telescope  improved^  and  especially  when  the  means  of  ol 
vatirkD  have  been  extended  to  placea  that  are  more  favourable 
Buch  observations,  it  may  be  expected  that  the  number  ubee 
will  be  indefinitely  auj^^mented^ 

733.  Remarkable  neltiaee.  —  Having  noticed  thus  bri 
the  characters  and  appearances  of  the  principal  classes  of  th^ 
objects,  it  will  be  usefiil  to  illustrate  these  general  obflervatioiu  1 
reference  to  examples  of  nebidas  and  clusters  of  each  class,  assi  J 
ing  the  position  of  each  by  its  right  ascension  imd  north  pdj 
distance,  and  supplying^  wherever  it  can  be  done  on  satisfactod 
authority,  a  telescopic  view  of  such  object  In  the  selection  i 
these  examples,  it  will  be  one  of  our  chief  purposes  to  show  tin 
extraordinary  differences  of  form  and  structure  which  the  sa 
object  presents  when  viewed  with  tolescopes  of  different  pow 
The  drawings  of  the  same  nebulas,  which  have  appeared 
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Phihsttphical  Tramaett'om,  by  Sir  J.  Herschel  and  tlie  Earl  of 
lioasef  supply  nuniertMm  and  instructive  examples  of  thU, 

Plate  XXX.  ff.  6.  R  A  1 5^  30"*  37'.  y  p  n  83°  33'.  Biameter, 
9*  R  A.  —  Drawn  by  Sir  J.  Ilerscht^l,  who  describes  it  aa  a  faiat 
liir^  round  nebula,  which,  by  att^ntivi?  examination,  may  be  eeen 
to  be  cunip<«ed  of  exceasivdy  minute  atarg,  appearing  like  pointa 
rubbed  ouL     It  is,  in  fact,  a  glohuhir  cluster. 

Plato  XXXI.  Jiff,  2.  B  A  21**  26""  13',  jr  P  D  91"  26'.  Dia- 
meter, 6*  R  A. — Drawn  by  Sir  J,  Ilerechel,  who  describes  it  aa  a  mosi 
sriptM'b  rluster  of  staTS  of  the  1  jth  magnitude,  compi*eeaed  towanlrf 
the  centre  lo  a  perfetit  blaze.  It  resembles  it  uiai**  of  iine  lumi- 
nous sand.  It  is  rewlvnble  with  a  six-inch  nperturo.  The  atars 
jutt  \isiblG  with  a  nine-inch  aperture  (rellector). 

Plate  XXX I.^/?//.  I. —  The  same  objcvt  oa  ^hown  by  the  larp^r 
telesL'ope  of  the  Earl  of  Roase.  Lord  Roase  thinks  that  no  iu- 
iTeased  power  i.^  likely  to  alter  matt^riiiLlly  its  appearance.  It 
would  merely  render  the  component  etars  brighter  and  leas  closely 
cpjwded. 

Plate  XXXIL^Vy.  2.  r  a  5"  26"  i  *.  K  p  »  68**  5'.  Length  4', 
breadth  3',  oval  form.  —  A  fine  object.     (Sir  J,  Herschel.) 

Plnte  XXXIL  yfy,  1, — The  same  object  b&  shown  by  Lord 
Roftse'a  telescope.  A  coneiderable  change  of  appeanmce  is  here 
produced  by  increased  power,  the  oval  resolvable  nebula  being^ 
changed  into  what  the  drawing  represeata.  It  is  studded  with 
stars  mixed  with  a  nebulosity,  which  a  still  hig:her  power  would 
evidently  resolve  into  stara. 

Plate  XXXULjiff,  5.  R  a  13*  23""  55*.  npd  42''  5'.  —This 
hf  in  many  respects,  one  of  the  most  renuirkable  and  interesting  of 
its  cIhss,  and  has  been  Bubmitted  Jjo  elaborate  exam inal ion  by  all 
the  eminent  observera.  The  distance  of  the  cenlns  of  the  small 
nebula  from  that  of  the  lai^  one,  is  given  by  Messier  as  4'  35' , 
which  may  serve  as  a  modttlm  for  its  other  dimensions.  It  was 
described  by  Sir  W.  Herschel  as  a  bright  round  nebula,  surrounded 
by  a  halo  or  glor>%  and  attended  by  a  companion.  Sir  .L  Herschel 
observed  this  object,  and  represented  it  as  in  the  figure.  He 
noticed  the  partial  division  of  the  ring  as  if  it  wore  split,  as  its 
most  remarkable  and  interestiniE:  feature,  and  inferred  that,  snp- 
jK>8ing  it  to  c<3U8ist  of  stars,  the  appearance  it  would  present  to  an 
observer,  placed  on  a  planet  attached  to  one  of  them  excentrically 
situate  towards  the  north  precetling  quarter  of  the  central  mssflp 
woidd  be  exactly  similar  to  that  of  the  milky  way  as  seen  from  the 
earth,  traversing  in  a  manner  precisely  eimilar  the  firmament  of 
large  stars,  into  which  the  central  cluster  would  be  seen  projected, 
and  (owing  to  its  greater  distance)  appearing  like  it  to  consist  of 
atoi^  much  smaller  than  those  in  other  pai;ta  of  the  heavens. 
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"  Can  it  be,"  aska  Sir  J.  Heredael,  *'  that  we  have  here  a  brother 
system,  be&riiig  a  real  physical  resemblance  and  strong  nnalogy  of 
structure  to  oiir  own  p  "  Sir  J,  Ilerschel  fiirtber  argueci,  that  all 
idea  tif  eyinnietrj'  caused  by  natation  must  be  reHnquished,  con- 
ftidcring  that  the  elliptical  form  of  the  inner  subdivided  portion 
indicates  with  extreme  probabiHty  an  elevation  of  that  part  above 
the  plane  of  the  rest  j  bo  that  the  real  form  miist  b«  that  of  a  ring 
split  through  half  its  circuniferencoj  and  having  the  split  portiona 
ml  asunder  at  an  angle  of  45*', 

Plate  XXXIII.  Jiff.  2. — The  same  object  aa  ehown  by  Lord 
Hoioe^B  teleacope.  This  shows,  in  a  striking  manner,  how  entirely 
the  appearances  of  these  objecta  are  liable  to  be  varied  by  the  in- 
creased mainlining  power  and  greater  efficiency  of  the  telescope 
through  which  tbey  are  viewed.  It  is  evident  that  very  little  resem- 
blance or  analogy  is  discoverable  between^.  2.  and  j%.  5.  Lord 
HoBse,  however,  says  that  if  Sir  John  Her&cbel'a  be  placed  m  it  would 
be  seen  with  a  Newtonian  telescope,  the  bright  convolutions  of  the 
spiral  BhovkTi  in  hie  own  would  be  recognised  in  the  appearance 
which  Sir  J.  Herechel  supposed  to  be  that  which  would  be  produced 
by  a  split  or  divided  ring.  Ixml  Roase  further  ob^r\-e8  that,  with 
each  increiu&e  of  optical  power,  the  structure  of  this  object  becomea 
morei  complicated  and  more  unlike  Emylhing  which  could  be  auppofied 
to  be  the  result  of  any  form  of  dynamical  law  of  which  we  find  a 
couinterpart  in  our  system.  The  connection  of  the  companion  with 
the  principal  nebula,  of  which  there  is  not  the  least  doubt,  and 
wbieb  is  represented  in  the  skett-h,  addSj  in  Lord  Rofise'e  opinioni 
if  possible  to  the  difficulty  of  forming  any  conceivable  hypothesis. 
Tliat  Buch  a  system  should  exL^t  without  iatomal  movement  be  con- 
fliders  in  the  last  degree  improbable.  Our  conception  may  be  nided, 
by  uniting  with  the  idert  of  motion  the  efleeta  of  a  resisting  medium ; 
hut  it  is  inipoBaible  to  imagine  puch  a  system  in  any  point  of  view 
as  a  case  of  mere  statical  e<|uilibrium.  Measurements  he  therefore 
considerB  of  the  highest  interest,  but  of  great  difficulty. 

Plate  XXXV.  ///.  i.—Thia  object  is  the  99tb  in  Mesater's 
catalogue.  The  spiral  Ibnn  of  the  nebula,  represented  in  Plaie 
XXXIIL^j/,  2,  w«s  discovered  by  Lord  Rosse  in  the  early  part  of 
1  845,  In  the  spring  of  1  846,  that  represented  in  the  present  figure 
was  discovered.  The  spiral  form  is  here  also  preaented,  but  of  a 
different  character.  Lord  Rosae  conjectures  that  the  nebulte  Nos. 
2370  and  3239  of  Herschers  southern  catalogi;o,  are  very  probftbly 
objects  of  a  similar  character.  As  Herschel's  telescope  did  not  reveal 
any  trace  of  the  form  of  this  nebula,  it  is  not  surprising  that  it  did 
not  disclose  the  spiral  form  presumed  to  belong  to  the  others,  itnd  it 
is  not  therefore  unreasonable  to  hope,  at^coniing  to  bis  Lordship*  that 
wheQever  the  southem  hemisphere  shall  be  re-examined  with  in 
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•truinenta.  of  greater  power,  these  two  remarkable  aebul®  will  yield 
Bome  interesting  resulta. 

Lord  Boflse  baa  discovered  other  epiml  nebula*,  but  they  are 
corapamtively  difficult  to  be  seen,  and  the  greatest  powers  of  the 
instrumeDt  are  arequired  to  bring  out  the  details. 

Plate  XXXI V.j%.  2.  e  A  9**  i^*"  1 5'.  if  p  d  67°  53',  Length  3', 
—  Thia  is  d«s<:ribed  by  Sir  Joba  Hewc-hel  as  a  very  bright  extended 
tiebulu,  with  an  approach  to  a  second  nueieus,  which,  however,  is 
very  faint 

Plate  XXXIlI»j%.  6. — The  Bame  object  as  shown  by  Lord  Rosee^s 
telescope.  Thin  object  was  first  observed  with  the  great  telescope, 
<Ni  the  24^1  of  March,  1 846,  when  a  tendency  to  an  annular  or  spiml 
iVjrni  wa&  diacovertid.  On  the  9th  of  March,  1 848,  in  more  tavour- 
iible  weather,  the  spiral  form  wjia  distinctly  seen  in  an  oblique  direc- 
tion. The  nebula  was  well  resolved,  particidarly  towartia  the  centre, 
where  it  was  verj'  bright 

Plate  XXXlll.  fif/.  1.  B.  A  zz**  jj"  55*.  n  p  d  yS**  26'.  Lengrth 
2%  breadth  30".  —  Described  by  Sir  John  Herachel  as  pretty  bright 
und  retsolvable,  and  extended  between  two  Biuail  stars,  having  two 
very  email  &tar&  viaible  in  it. 

Plate  XXXIV,  Jiff,  1 » — -ITie  same  object  as  seen  in  Lord  Rosbb'b 
telescope.  It  was  frequently  observed,  both  by  Lord  Rosae  himself 
and  eeveral  of  bis  friends,  and  the  drawing  represents  the  form  with 
(Treat  accuracy*  It  waa  doubtful  whether  the  fonn  was  strictly 
f*piral,  or  whether  it  was  not  more  properly  annular. 

Plate  XXXV.^;^?.  2.  e  a  !*■  25"^  57*.  N  p  »  60°  4'.  DimensionB 
imcertainp  but  the  dilTused  nebulffi  estimated  aa  extending  through 
15'.  —  This  object  has  been  the  subject  of  ohsor\-atioii  b}'  all  the 
eminent  observers,  8ir  John  Herachel  describes  it  oa  enormounly 
lorge^  growing  verj"  gradiiitlly  brighter  towards  the  middle,  and 
havdng  a  star  of  the  1 2th  mngnitude^  north,  following  the  nucleus, 
and  being  characterised  by  irregidarities  of  li^jrht,  and  even  by  feeble 
Hubordinate  nuclei  and  many  small  stars.  The  drawing  represents 
it  aa  seen  with  the  more  powerful  telescope  of  Lord  Rosee,  A  ten- 
dency to  a  spiral  form  waB  distinctly  aeen  on  the  6th,  ioth,ttiid  i6th 
of  September,  1  849.  The  brightest  of  the  spiral  arms  wfia  that  marked 
a,  that  marked  S  wa.9  pretty  bright,  but  short;  0  was  diptinct,  and  n 
only  suspected ;  the  bmnch  y  waa  faint  The  whole  object  waa  in- 
volved in  a  faint  nebulosity,  which  probably  extends  post  several 
knot*  wbirh  lie  about  it  in  different  directions, 

Pkt<?  XXXIV. /*?,  3.  R  A  7*^  i6»  41'.  N  p  D  60**  1 5'.— This  ia 
ilescribed  by  Sir  John  Herachel  as  a  curious  bright  double  or  an 
i-longated  bicentral  nebula. 

Fhite  XXXl\\^/iff,  4.— The  same  object  aa  shown  by  Lord  Boj;s4^> 
tek'ec4jpe,  on  the  22  nd  of  Decemberj  1 848,  A  bright  star  was  visible 
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between  the  nebtil^  from  wliieli  tails  and  curred  filameata  ianueHd. 
The  oxUtencQ  of  im  anDulua  auiroundmg  the  two  nebul®  was  su»* 
pected, 

Plate  XXXV.  >j?.  14.    b  a  n'^  1 1"  36V  n  p  d  76^  9'.    Length 
4'.  —  Described  by  Sir  John  Ilerachel,  as  large^  elliptical  in  fonu, 
with  A  round  nucleus},  and  growing  gradually  brighter  towards  thaj 
middle. 

Plate  XXX V,^.  ^. — ^The  same  object  as  ihown  by  Lord  R(«fl©*8 
teleacope,  cm  the  3 let  of  March,  1848.  DeBcribed  as  a  ciiriotia 
Ileb^lla,  Dudeua  resolvable,  having  a  spiral  or  anDular  arrangemeat 
about  it  It  was  also  observed  with  the  same  results  on  the  let  and 
3rd  of  April,  , 

Plat^  XXXV.  Jiff.  5.  R  A  I  5*^  z-  38',  »  P  D  33**  42'.  Length 
50",  Breadth  20"-  — This  nebula  was  not  figured  by  Sir  John 
Herschel,  but  is  described  by  him  as  an  oljjei:t  very  bright,  and 
Rowing  much  brighter  towai*ds  the  middle.  The  drawing,  ^j?.  5, 
represents  the  object  as  seen  in  I^rd  Rosse's  telescope,  in  April 
184.8,  It  m  described  by  Lord  Ros9«  as  a  very  bright  resolvable 
nebula,  but  that  none  of  the  component  stars  could  be  distinctly  seen 
even  with  a  magnifying  power  of  1 000.  A  perfectly  straight  longi- 
tudinal division  appears  in  the  direction  of  the  niajor  axia  of  the 
ellipsd*  Resolvability  was  strongly  indicated  towards  the  nucleus, 
Acconling  to  Lord  Rossc,  the  proportion  of  the  major  axis  to  the 
minor  axis  was  8  to  i  j  much  greater  than  the  estimate  of  Sir  John 
HerscbeL 

Platfl  XXXV.  ^.  10.  R  A  12*  35«  21\  N  p  B  56^  +1'-— 
Described  by  Sir  John  Herschel  as  a  nebula  of  enormous  length, 
e?ct*mding  across  an  entire  field  of  i  ^\  the  nucleus  not  being  well 
defined.  It  was  preceded  by  a  star  of  the  tenth  magnitu^Ct  and 
that  again  by  a  small  faint  round  iiebulftj,  the  whole  forming  a  Hue 
and  very  curious  cnmbiDation, 

Phskte  XXXV,  j%.  4.  —  The  same  object  as  shown  by  Lord 
RoBse-a  telescope  on  the  1 9th  of  April,  1 849.  The  drawing  is  stab^d 
to  be  executed  with  great  care,  aod  to  be  very  accurate.  A  most 
e.tti)nordinary  object,  masses  of  light  appearing  through  it  in  knots. 

Plate  XXXIV  ^,  f  E  a  6^  31-  36'.  n  f  b  81"  8',  — De- 
scribed by  Sir  John  Herschel  as  a  star  of  the  1 2th  magnitude,, 
with  a  bright  cometic  branch  iBauiog  from  it,  60"  in  length, 
fomimg  an  angle  of  60°  with  the  meridian,  passing  through  it. 
The  star  is  described  as  ill  defined,  the  apex  of  the  nebula  coming 
exactly  up  to  it,  but  not  passing  it. 

Plate  XXXIV.  Jig,  6.  —  The  same  object  as  seen  with  Lord. 
Rofls©**  telescope  on  the  i6th  of  January,  1850.  Lord  Rosse  olj- 
served  that  the  two  comparatively  dark  spaces,  one  near  the  apex 
and  the  other  Dear  the  base  of  the  cone,  are  very  remarkable. 
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Plnte  XXXIII.  /^.  3.  B  A  H»'  6-  34*.  n  p  n  34°  14'  IHa- 
iiieter  19*  of  time  in  a  a. — Deacribed  by  Sir  Joho  Ilerschel  as  tt  large 
uniform  uebuloua  diak,  very  bright  and  perfectly  round,  but  shai-ply 
clefiiied,  aad  yet  very  Buddenly  fadiog  away  into  durknesa.  A  most 
extraordinary  object 

PlAte  XiXIII. /^.  4-— The  same  object  aa  shown  by  Lord 
Rosae*8  tel«i*cope.  Two  stan  conaiderably  Bpart,  fwen  in  thn 
central  part  of  the  nebtdiu  A  dark  penumbra  around  each  apiral 
iirranjireinont  ■with  stars  as  apparent  centres  of  attraction.  Stnrs 
sparkling  in  it  and  in  the  nebula  resolvable.  I^ord  Roase  saw 
n^^>  largt!  and  very  dark  spots  in  the  middle,  and  reram"kcd  that 
all  round  it«  edg«  the  sky  appeared  darker  than  ustial- 

Pkte  XXXV.fff.  11/  B  A  y**  35"  23'.  n  p  d  104'*  24'.  Dia- 
meter 3''75  of  time.  —  Described  by  Sir  John  Herachel  as  a 
planetaiy  ne>bula,  of  a  faint  equal  light,  and  exactly  round,  having 
a  very  minute  star  a  little  north  of  the  centre.  Very  velvety  at 
the  ed^a.  In  the  telescope  of  Lord  Rosse,  however,  it  appears  m 
an  annular  nebula  as  represented  in  the  figure,  with  two  stars 
withiu  it 

Plate  XXXV.  ^,7,  b  A  zf  19-  3'.  N  P  D  48**  14'.  Dia- 
meter 12". — Figured  by  Sir  John  Herschel,  who  describes  it 
aa  a  fine  planetary  nebula.  With  a  power  of  240  it  was  beauti-^ 
fiilly  defined,  light,  mther  mottled,  and  the  edges  the  least  in  the 
world  unshaped.  It  is  not  nebulons,  but  looks  aa  if  it  had  n 
double  outliue,  or  like  a  star  a  little  out  of  focus.  It  is  perfectly 
cirevdar. 

Plate  XXXV. ^^.  6. — The  same  object  as  shown  in  Lord  Rosse's 
telescope,  on  the  1 6th— 19th  of  December,  1 848*  A  central  dark 
spot  surrounded  by  a  bright  annulus. 

Plate  XXXV,  Jiff,  9.  e  a  20"  56"  28'.  N  p  D  1 01^  55^ 
Diameter  10"  to  12"  according  to  Herschel,  but  25''  by  17''  ac- 
cording to  Stnive,  who  gives  it  a  more  oval  form. —  This  figure  is 
that  given  by  Sir  John  Herachel,  who  describes  it  as  a  fine 
planetary  nebula  with  equable  light  and  blniah  white  colour. 

Plate  XXXV.  Jiff.  8.  —  The  same  object  aa  &hown  by  Lord 
Rosse'a  telescope.  Like  a  globe  surrounded  by  a  ring  such  as  that 
of  Saturn,  the  usiuil  Hue  being  in  the  plane  of  the  ring. 

Plate  XXXV.^.  13,  r  a  y"*  20-  55'.  n  p  d  68*  48'.—  De- 
acribed by  Sir  John  Herschel  as  a  star  exactly  in  the  centre  of  a 
bright  circular  atmosphere  2  j"  in  diameter,  the  star  being  quite 
stellar,  and  not  a  mere  nudeus,  and  is  a  nnjat  remarkable  object. 

Plate  XXXV.  ^1^.  12.  —  The  same  object  as  shown  by  Lord 
Rosse's  telescope  on  the  20th  of  February,  1849;  described  bv 
him  03  a  moat  astonishing  object    It  was  examined  in  January 
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1 850,  with  power*  of  700  rind  900,  when  both  the  daik  and  bright 
riujfs  Boomed  unequiil  in  breadth* 

Plate  XXXY.  /^.  15.  R  A  s^  28-"  35'.  K  P  l>  96°  I'.— ITie 
iitAT  (  OrioTiia  involved  in  a  feeble  nebida  3'  in  diameter.  (Sir  J, 
Ileffichel.)  The  drawing  shows  this  110  seen  with  Ltird  Rossg'b 
telescnpe. 

Plate  XXX.  Jiff.  3.  R  A  I9''  53"  27*.  H  p  u  67^  40'.  —  Drawn 
by  Sir  John  HerHehel,  who  describes  it  aa  a  nebuilft  shaped  like  a 
dumb-bell,  drtllbU^- headed  shot,  OT  hoar-glaas,  the  elliptic  ootline 
being  completed  by  ft  more  feeble  nebulous  light.  The  axis  of 
symmetry  tbrouph  the  centres  of  the  two  chief  masses  inclined  at 
30°  to  the  meridian.  Diameter  of  elliptic  li|ffht  from  7'  to  8'. 
Not  i-^solvftblej  but  four  i«tara  are  visible  on  it  of  the  12th,  I3thj 
and  14th  miigfnitude.  The  eouthem  bend  is  denser  than  the 
northern.  This  extraordinary  object  was  also  ob^rted  by  Sir  W. 
Herachel,  who  recognised  the  same  peculiar  form.  Sir  J.  Herschel 
considers  that  the  moat  remaikubk'  ciretimatajice  utttmding  it  is  the 
faint  mebuhwity  which  fills  up  tlie  lateral  concavities  of  its  form, 
and  in  fact  converta  them  into  protuberances,  so  as  to  render  the 
whole  outline  a  regridar  ellipse,  having  for  its  shorter  axis  tiie 
common  axis  of  the  two  bright  masses.  If  it  be  regarded  aa  a 
iimm  in  rotation,  it  is  around  this  shorter  axis  it  must  revolve.  In 
that  ciifie,  he  considers  tlmt  its  real  form  must  be  that  of  an  oblate 
spheroid  ;  and  as  it  does  not  follow  that  the  brijj^htest  portions  mupt 
be  of  necesaitj  the  densest,  this  siippositjon  would  not  be  incom- 
patible with  dynamical  laws,  at  leoat  supposinp  it,'^  parts  to  be 
eapAble  of  exertinj^  pressure  on  each  other.  But  if  it  consiBt 
distinct  stars  this  cannot  be  admitted,  and  we  must  then  hare 
recourse  to  other  Rupjwsitions  to  account  for  the  maintenance  of 
its  form.  Sir  John  Ilerschel,  it  wiU  bo  observed,  faile'd  to  retiolve 
this  nebula. 

Plate  XXXVT.  Jiff.  1  ,• —  The  same  object  m  showu  by  the  tele- 
scope of  Lord  Ro**e,  three  feet  aperturej  twenty-seven  feet  foe 
len^h. 

Phtte  XXX.  Jiff.  I. — ^The  same  object  aa  shown  with  the  preati 
telescope  of  Lord  Kosse,  six  feet  aperture,  fifty-three  feel  focal 
length. 

The  difference  between  these  two  reprcsentationa  and  that  given 
by  Sir  John  Ilerschel  of  the  same  object,  will  illuf trato  in  a  very 
ftrikiDfj  manner  the  observations  already  made  on  the  eflfects  uf 
iliderent  magnifyin^^  and  defininj;?'  powers  upon  the  appearance  of 
the  object  under  examination.  These  three  ligures  coidd  scarcely 
be  conceived  to  be  representations  of  the  same  object. 

To  fxplriin  the  difference  observable  between  the  drnwinp,  Plata  < 
XXX  \'L  Ji)/,  If  made  with  the  smaller  telescope,  and  the  drawin^j 
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P»«te  XXX  j%.  1,  made  with  th^  largur  inatrument,,  L«ird!  Roese 
obsen'Cft,  tliat  while  the  application  of  tv  high  mt^mifyiiif?  power 
brings  out  minute  gt^ara  not  visible  with  luw^r  powers^  it  com- 
pletely extinfruishes  nebtiloaity  which  the  lower  powers  render 
\'iftible.  The  optirnl  reaaon  for  thiB  will  be  vmily  pen^eived ;  the 
CLTCuniBtfliice  wa**  nevertheless  overlooked  when  the  observations 
were  made  fmm  which  the  clmwinir,  Plate XXX  VLj^*/,  i  wastuken. 
ihily  one  iimgiiifviug  power,  and  that  a  ven-  high  one,  was  used 
I'B  that  occasion^  the  consequeuce  of  which  was  tluil,  although  the 
two  knobe  of  tlie  dimih-betl  were  more  fully  rewhed,  the  ntbuloua 
matter  filling  the  tutermediate  space,  whieb  Jlfrnthel  eoui^idered 
to  be  the  most  remarkable  feature  of  Ihi^  nuhuhi,  was  entirely 
oxlinguiBbed  in  the  optical  imnge.  If  on  that  occasion  a  second 
eye-piece  had  been  used  of  lower  power,  the  inteniiediate  nebulouH 
matter  would  have  been  seen  a*  represented  in  the  dmwing,  and 
the  dniwing  wotdd  be  as  perfect  »»,  aud  nearly  identie4itl  with, 
that  obtained  with  the  greater  telescope,  Plate  XXX.^.  I ,  slower 
jjower  being  used. 

Ft  ^411  be  observed  that  the  genei-al  oulline  of  this  remarkable 
object,  which  m  m  geoinetrit'iiily  exftct  lis  si'tm  with  the  inferior 
piiwer  usetl  by  Sir  John  HtT^thfd,  is  totally  effaced  by  the  applica- 
tion of  the  higher  powers  used  by  Lord  Ro<>«o  and  conisequently, 
Sir  John  Herschera  theoretical  speculations  baaed  upon  this  par- 
ticular f^irm  must  be  regarded  aa  losing  much  of  tbeir  force,  if  not 
wholly  inadmiijflible  ;  and  this  Is  an  example  proving  how  itm$afe 
it  is  to  draw  any  theoretical  infenences  from  nppareut  peculiarities 
of  fomi  or  structure  in  these  objects,  which  iniiy  be  only  the  eflect 
of  the  imperfect  impre^aiona  we  receive  of  them,  and  whicb,  con- 
aeijuently,  disappear  when  higher  tele[^:opic  powers  are  applied. 
The  case  of  the  nebula  represented  in  Plate  XXX III.^*.  2  and  5, 
prueento  another  striking  example  of  the  force  of  these  obsei'va- 
lions^ 

Plate  XXX.^.  4.  RA  18"  48"  19*.  XPD  j;*'  9'.— This  object, 
drawn  by  Sir  J.  Herschel,  ie  the  annular  nebula  beitwe^n  ti  »md  y 
LiTPie.  He  estimatea  its  diameter  at  6'*  5  of  time.  The  nnnuliLs  m  t>v«l, 
it»  longer  axis  being  inclined  at  57°  to  the  meridian.  The  central 
V  icuity  is  not  hfatkf  but  hlled  with  a  nebulous  light.  The  edg**d 
are  not  sbajply  cut  olT,  but  ill  defined  ;  they  exhibit  a  curdknl  imd 
confused  appearance,  like  that  of  stiira  out  of  focus.  He  cronsiderB  it 
not  well  represented  in  the  drm^-ing, 

liate  XXX.  ^4/.  2. — Tlie  same  object  as  ehown  in  the  tele- 
scope of  Lord  Rii^se.  Thia  dmwing  waa  made  with  the  ^ujall'^r 
lel^Bcope^  three  feet  aperture,  before  the  great  telesc-ope  had  been 
erected.  ThL«  ut^bnla  was  observed  seven  tiroes  in  1848,  aid  once 
m  1S49.     With  the  large  telescope,  the  central  opening  ahowed 
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ronsiitoraMj  more  ne^biilositj  tlian  it  appeared  to  have  with  the 
smaller  instrument*  It  wiis  also  noticed  that  aevertil  small  ataja 
were  seen  aroiuid  it  with  the  lurji:*?  infltrument  wkipli  did  not 
Appear  with  tho  Bmallc*r  one»  froip  which  it  was  inferred  that  th<» 
Htars  seen  in  the  dark  opening  of  the  ring  may  possibly  be  nierelj 
(iccidental,  and  have  no  physicftl  relation  to  the  nebula.  In  tlic 
itnnulus  near  tha  extremity  of  the  minor  axis,  sev^enl  minute  stfln 
were  visible. 

Plate  XXX.  Jiff,  5.  r  a  tj^  30™  2g\  N  P  1>  107°  10'. 
Diameter  of  faint  nebula  2'.  Diameter  of  bright  part,  to'"  or  1 5'' 
— Described  as  a  faint  Inr^e  nebula,  losing  itself  quite  inL*^rcep- 
tibly ;  a  good  type  of  its  clasa.     (HeracheL) 

Plate XXX. J^.  7,  RA  I7'»  45"  57'.  npd  66**  54'.  Perceptible 
diak  I'^or  l"'5  diiimetcr.  Surrounded  by  a  very  faint  nebulA. 
^-A  curious  object.     (IlerscheL) 

Plate  XXX. ^i7.  8.  E  A  19"  41™  7'.  N  p  D  39°  50'.  — A  most 
curious  object.  A  star  of  the  iith  magnitude,  surrounded  by  a 
a  very  bright  and  perfectly  roimd  planetary  nebula  of  imif^inu 
light.  Diameter  in  ra  3*5,  perhaps  a  very  little  hazy  at  th<» 
edfjfiea.     (HerscheL) 

Plate  XXX.  Jiff,  9.  R  a  10"  30™  4*.  Ti  r  i)  35°  46',  — A  bright 
ro\md  nebula,  forming  ftlmost  a  disk  J  5"  diameter,  surrounded  by 
a  very  feeble  atmoaphore.     (HerscheL) 

734.  &arre  and  lrrer^»i'  nebnloD. — ^All  the  nebuln?  de- 
scribed above,  are  objexfs  generally  of  regular  fomi  and  aubt<*nding 
itnall  vi&ual  angles.  Tliere  are  othera,  however,  of  a  very  ditferent 
chamcter,  which  cannot  be  passed  without  wrae  notice.  These  ob' 
jecta  cover  spaeeB  on  the  firmainentp  many  nearly  as  extensive  as, 
and  ftome  mueh  more  extensive  than,  the  moon'a  disk.  Some  of  them 
have  been  resolved.  Of  those  which  euu  larger  and  more  diftused, 
some  exhibit  irregularly  shaped  patches  of  nebulous  light,  affecting 
forma  reaembling  those  of  clonda,  in  which  tracts  are  seen  in  every 
stage  of  reaolution,  from  nebulosity  irresolvable  by  the  largest  anil 
most  powerful  telescopes,  to  stars  perfectly  separated  like  parts  of 
the  milky  way,  and  "  clustei-ing  groups  sufficiently  insulated  fuid 
condensed  to  come  under  the  designation  of  irreg:ular  and,  in  some 
cases,  pretty  rich  clusters.  But  besides  these  there  are  alsij 
nebulffi  in  abundance,  both  regular  and  irregular;  globular  dusters 
in  ©very  state  of  condensation,  and  objects  of  a  nebulous  chariicter 
quite  peculiar,  which  have  no  analogy  m  any  other  part  of  the 
heavens."  * 

73 «;.  Xleli  cloater  la  tbe  Gentaur.— The  star  m  Centauri  pre> 
scnts  one  of  the  most  striking  examples  of  the  class  of  taj;;ge  dilTused 
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dusters.  Il  is  nearly  Tniind^  and  has  aD  apparent  diameter  equal 
to  two-thirda  of  that  of  the  mooo.  This  remarkable  object  W8« 
JDdud*>tJi  in  Mr.  Dimlop*a  catalogue  (Phil.  Trans,  1828);  but  it  is 
from  the  obaervations  of  Sir  John  Herechel  at  the  Cape  that  the 
Juiowledge  of  ita  splendid  character  is  derived.  That  astronomer 
proDOimtta  it,  beyond  all  couipsirison,  the  ricbeat  and  larjjest 
object  of  the  kind  in  tbe  koaveoa.  The  stara  eompoeing  it  are 
literally  innutnemble ;  and  as  their  coOective  light  affectn  the  eye 
hardly  more  than  that  of  a  atar  of  the  fifth  magnitude^  the  minute- 
ne«s  of  each  of  th(!m  niRv  be  imagined.  The  apparent  magnitude 
of  this  object  is  auch  that,  when  it  was  coDcentrie  with  the  lield  of 
Sir  J.  Herschei'a  20-ft  telescope^  the  strajarp^liog  stars  at  the  edges 
were  beyond  the  limit  of  the  field.  In  8tating^  that  the  diameter 
is  two-thirds  of  the  mooQ'gi  diak,  it  muat  be  imderstcod  to  apply  to 
the  diameter  of  the  coadenaed  cIiLster;,  and  not  to  include  the 
fitraggliDg  stars  at  the  edges.  When  the  centre  of  the  cluster  was 
brought  to  the  ed^e  of  the  field,  the  outer  stars  extended  fully  half 
a  radius  beyond  the  middle  of  it.* 

The  Hppe^irance  of  this  magnificent  object  resembles  that  shown  in 
Plate  XXXI.  ^-^.  I J  only  that  the  stars  are  much  more  densely 
crowded  tofjether,  and  the  outline  more  circular,  indicating  a  pretty 
exact  globe  as  the  reid  form  of  the  mass. 

756.  Tlie  great  nebula  In  Orion.  —  The  portion  of  this 
eTtraordicary  object  is  in  the  awonl  handle  of  the  figure  whidi 
forms  the  constellation  of  Orion*  It  consists  of  irregular  cloiid- 
ehaped  nebulous  patches^  extending  over  a  surface  about  40' 
sq^iare;  that  is,  one  whose  apparent  breadth  and  height  exceed 
the  appareot  diameter  of  tlie  moon  by  about  one-third,  end  whose 
superlicial  magnitude  is  therefore  rather  more  than  twice  that  of 
the  moon*s  diak.  Drawings  of  this  nebula  have  been  made  by 
several  observers,  and  engravings  of  them  have  been  already  pub- 
lished in  various  works. 

In  Plate  XXXVII.  is  given  a  representatioii  of  the  central 
piul  of  this  object  The  portion  here  represented  measures 
about  27'  in  length  and  25'  in  breadth;  being  about  one-sixth 
leas  than  the  diameter  of  the  moon.  An  engraving  upon  a  veiy 
liTge  scale  of  the  entire  extent  of  the  nebula,  with  an  indication  of 
the  various  stars  which  serve  as  landmarks  to  it,  may  be  seen  by 
reference  to  Sir  J.  HerBchera"  Cape  OhservationSy''^  accompaoied  by 
the  interesting  details  of  his  observation  a  upon  it 

Sir  J.  Ilerschel  describes  the  brightest  portion  of  this  nebula 
as  resembling  the  head  and  yawning  jaws  of  some  monstrous 
animal^  with  a  sort  of  proboscis  ninning  out  from  the  snout.    The 
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t*tar5  sfftttered  over  it  probably  bave  no  connection  with  it,  and  are 
doubtless  plnced  much  nearer  to  our  system  than  tlie  nebula,  beinj< 
vi^UELlly  projeL'tod  upon  it,  Piirte  of  this  nebula,  when  siibuiittod 
to  the  powera  of  Loi'U  Rosse'a  telescopea,  ahow evident  mdications 
uf  resolvability. 

757.  Tbe  gfeat  D«btiln  In  Ar|ro.  —  Tliia  in  o.n  obji^et  of  the 
same  class,  and  prt'iienting  like  appefirancr's  ^  it  is  ditfiised  Aromnd 
the  star  ij  in  the  constellation  here  named,  and  formed  a  special 
subject  of  observation  by  Sir  J.  Herscbel  during-  bis  residence  nt 
th(*  Cape.  An  enpravinp  of  it  on  a  large  scale,  giving  all  its  detwils, 
may  be  seen  in  the  **  Cape  OhservaUom"  The  position  of  I  ho 
centre  of  the  nebula  is,  k  a  io"  39™  47VJ  N  P  »  148^  38'. 

This  object  consists  of  difl'used  irregular  nebidous  patcbes, 
exteading  over  a  surface  ineasuring  nearly  7'  (time)  in  ii^'ht 
aacensian,  and  68''  in  declination  ;  the  entire  area,  therefore,  being" 
equal  to  a  square  gpace  whose  aide  would  measure  one  degree.  It 
occupies,  therefore,  a  space  on  the  heavens  about  five  times  greater 
than  the  disk  of  the  moon. 

A  part  of  the  nebula  immediately  sorrounding  the  central  star 
i3  represented  in  Plate  XXJLVLjitj.  2.  The  space  here  represented 
nieasures  about  one-fourth  of  the  entire  extent  of  the  nebula  in 
declination,  ami  one-third  in  right  ascension,  and  about  a  twelfth 
of  its  entire  magnitude. 

No  p^  of  this  remarkable  object  baa  shown  the  least  tendency 
to  resolvability.  It  is  entirely  compr^saed  within  the  liniita  of 
that  part  of  the  milky  way  which  traverses  the  southern  tinnament, 
the  stars  of  which  are  seen  projected  upon  it  in  thousands.  Sir  J. 
llerHchel  has  actually  counted  1  200  of  these  stars  projected  upon 
a  part  of  this  nebula  measuring  no  more  than  28'  in  declination 
and  3  z'  in  ri|C!'lit  ascension,  and  he  thinks  that  it  is  impossible  to 
avoid  the  conclusion,  tiiat  in  looking  at  it  we  see  throuo^h  and 
beyond  the  milky  way,  far  out  into  space  through  a  starless  region, 
diaconnectinp  it  altogether  with  oar  system. 

73B.  Maretlatilo  elonda.  — These  are  two  extensive  nebulous 
patches  tdm  seen  on  the  southern  firmament,  the  jfreater  called  the 
niibpcuh  Ttujjor^  being  included  between  ti  a  4*  40*",  and  6^*  0*°  and 
N  P  D  156**  iind  162*^,  occupying  a  superficifd  area  of  42  square 
dejrrees ;  and  the  other  caUed  the  tmhectda  mmoTj  being  included 
between  R  A  o''  z8"  and  i^  1 5"  and  between  w  p  b  162**  and  165*, 
covering  about  10  square  degrees. 

These  nebulte  consist  of  patches  of  eveiy  character,  some 
irresolvable,  and  others  resolvable  ijj  all  degrees,  and  mixed  with 
clufltera,  having  all  the  characters  already  explained  in  the  cases 
of  the  large  difFiised  nebulae  described  above.  So  great  is  tha 
number  of  distincl  nebulie  and  cluatera  crowded  together  in  theao 
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tracks  of  the  firmftraent,  tliat  278,  besides  50  or  60  outliera,  bflve 
been  eouiueratttd  by  Sir  J,  Heracliel,  witliiu  tbu  area  of  Lbe  iiubtTiila 
major  alone. 
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739,  PUho«t«rj-  data*  *=  Having-  explained  in  a  former  part  of 
the  volume  the  prinLnp&l  circuju stances  atteadiug  the  physical 
condition  and  motion  of  the  different  bodies  of  the  solar  Bjatem,  it 
remaina  to  bring-  them  into  juitapoflition,  to  tirw  them  collec- 
tively, and  ttj  supply,  in  tabulated  forms,  those  numerical  data 
which  at  any  given  time  may  asaiat  in  determining  their  positions 
and  motions. 

Wo  shall  therefore  give  in  this  coneludinf^  chapter  a  short 
explanation  of  these  dat^  or  elementa,  together  with  o  few  of  the 
methods  which  maybe  useful  in  an  investigation  of  the  movements 
of  the  various  members  of  the  system.  Our  limits,  however,  will 
not  permit  any  lengthened  detail ;  those  of  our  readers  who  desir- 
to  enter  more  fully  into  the  mathematical  study  of  the  subject, 
are  therefore  referred  to  those  sjiecial  worlcs  on  the  ditlerent 
bimches  of  the  acience  which  have  been  prepared  by  the  piincipal 
MtronomerB  of^En^bind  and  tlie  Continent. 

Planetarv  data  may  be  resolved  into  three  classes :  — 

L  Those  which  determine  the  orbit. 

II.  Those  which  dttermine  the  place  of  the  Ijody  in  the  orbit 

in.  Those  which  deteimine  the  conditions  which  are  indepen- 
dent of  the  orbit. 

In  this  section  we  have  also  inserted  further  explanation!^  on 
some  important  points,  which  will  doubtless  tend  to  elucidate  the 
respective  subjects. 

L  Data  which  determine  the  formj  jnapii^wdef  and  position  of  the 
orbits  of  the  plcaietA. 

740.  Torm  of  tl»«  orbtt  aetermlneil  by  tbe  eccentricity.— 

It  is  well  understood  (284)  that  th^  fonn  of  an  ellip»e  depends 
on  the  eccentricity,  oil  ellipses  with  the  same  excentricity,  how- 
eve?  they  may  differ  in  mugnitude,  having  the  same  form. 

Let  a=:the  mean  distance,  c«=*the  distance  of  the  centre  of  Hie 
orbit  from  the  centre  of  the  aun,  and  f!  =  the  excentricity.  We 
shall  then  have 
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The  VAlues  of  *,  in  the  caaet  of  all  the  principal  planets, 
Mercury*  fXL"*?pt<Ki,  are  less  than  j\.  In  the  case  of  Merciiry  it  in 
about  ly  and  in  the  hirper  planets  ^\^. 

In  the  case  of  the  planetoids^  the  excentricitied  ore  aubject  to 
gT«at  tmd  exceplicJiKil  variHtidn,  fttiioitoting  in  the  case  of  Poly- 
nymnitL  to  ^t  whilai;  in  that  of  Harmonia  it  omonnt^  to  about  ^^^ 

741 .  Btajrnltude  detenained  ^y  s«mi-iulB  mc^or,  —  As  ilie 
excenlricity  determines  the  form,  the  semi-axia  determines  thuO^ 
Difl^utude,  of  the  orbit.  Thia  qimntity  forma  in  other  respecta  a 
verv  iniportanl  planetary  element,  since  upon  it  ia  dependent  the 
p'eriodic  time,  and  oonae^juently  the  mean  angidiur  ^id  mean  linear 
velocity  in  the  urbit. 

742.  Positton  of  tbe  plane  of  tbe  orbit.  —  Tbo  plane  of  the 
mbit  Hiiist  always  pass  through  the  centre  of  the  sun,  which  is 
therefore  the  cnmraon  point  at  which  the  planes  of  all  the  planetaij 
orbits  intersect.  But  to  define  the  position  of  the  plane  of  any 
orbit  something  more  is  necessary.  If  the  plane  of  the  earth's 
orbit  be  provieionally  aaatmied  aa  a  fixed  plane,  (which  however  it 
is  notjf,  the  positions  of  the  planea  of  the  orbita  of  the  planet^j^ 
seveniDy,  with  relation  to  it,  will  be  determined,  1  st,  by  the  angle 
at  which  they  intersect  it^  and,  indlji  by  the  direction  of  tbe  line 
of  intersection. 

743.  IiicllJiAtl«iis  of  thm  orbits.  —  The  angled  which  the 
pbme8  of  the  orbits  of  the  principal  planets  form  with  the  plane 
of  the  ecliptic,  are  less  than  4^,  excepting  the  planet  Mercury, 
vho&e  orbit  ia  inclined  to  the  ecliptic  about  j°.  Tbe  planetoidsit 
however,  are  very  exceptional,  the  orbit  of  Pallas  having  an  incli- 
nation of  34i^°;  the  inclinations  of  the  othera  varjing  fkjm  26°  to 
leaa  than  i'*. 

744.  X*lne  of  nodes.  —  The  inclination  is  not  enough  to  deter- 
mine the  position  of  the  plane  of  the  orbit,  for  it  ia  evident  that 
4m  infinite  variety  of  difl'erent  planejs  may  be  inclined  at  the  same 
angle  to  the  ecliptic.  If,  however,  the  direction  of  tbe  line  of 
intersection  of  the  plane  of  the  orbit  with  the  plane  of  the  ecliptic 
(which  line  muat  always  pass  through  the  centre  of  the  sun)  be 
also  defined,  the  position  of  the  plane  of  the  orbit  will  be  deter- 
niined.  Thia  line  of  intersection  is  called  the  line  ofnodtSf  being  the 
direction  in  which  the  nodes  of  the  planet's  orbit  are  seen  from  the 
sun.  If  an  observer  bo  imagined  to  be  stationed  at  the  centre  of 
the  Bun,  he  will  be  in  thia  line^  and  the  nodes  will  be  viewed  by 
him  in  opposite  directions  along  thia  Une,  the  ascending  node  (293) 
being  viewed  in  one  direction,  and  the  descending  node  in  the 
other. 

745.  iiOiiritade  of  aseimdlBs  nodo.  —  It  haa  been  cusrtomaiy 
to  define  the  direction  of  the  line  of  nodes  by  the  angle  which  the 
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direction  of  the  ascendkig  node,  aeen  trom  the  flun,  makea  with  the 
direction  of  the  *'  tirat  point  of  Ark»,"  or,  what  is  the  wime,  by  it« 
heliocentric  long^itude. 

The  posiiion  of  the  plane  of  the  orbit  i«  therefore  determinod  bj 
tta  ineimation  and  the  Imufitude  of  the  eucnidm^  nods. 

746.  1««iirttiad0   of  p«rih«llon Tlie^se  data,  howBTer,  ATO 

ttiU  inaufHeient  to  detcTinine  th«  positioo  of  the  orbit.  They 
would  b«  sufficient  ijf  the  orbit  were  ciivularj  aince  a  cinJo  is 
fjmmtitpical  with  tx'lalioii  to  it«  centfe.  But  the  orbit  being  on 
ellipse,  the  major  axis  may  have  an  infinite  variety  of  different 
directions,  alt  of  which  shall  p&sM  tbrouirh  the  gim'a  centrSi  and  ail 
of  which  Ahall  be  in  the*  same  plane.  After  defining,  therefore,  the 
poflition  of  the  plane  of  the  orbit^  it  ia  neceasary  to  detennine  the 
pcaition  of  the  orbit  upon  that  plane,  and  this  b  determmed  by  the 
direction  of  it«  major  axiii,  jtist  as  the  plane  itaelf  waa  determined 
by  the  direction  of  the  Una  of  nodea,  and  aa  the  latter  was  deter- 
mined by  the  heliocentric  Loni^ptudu  of  the  aacendiug  node;  the 
poeition  of  the  orbit  upon  its  nlane  is  determined  by  the  heliocentric 
ion^tude  of  perihelion  (286). 

747.  rtve  tflements  wblob  a«t«ri&lB«  tli9  orbit,  —  The 
orbit  of  a  planet  ia  therefore  determined,  in  form,  magnitude, 
and  position,  by  the  fire  following  data,  which  are  odled  ita 
Muaaarrs: — 

K  The  semi -axiHf  or  mean  dlBtance  *  -  -a 

2.  The  excentricity  -  -  -  -  -    * 

3.  The  inclination     -  -  -  -  -    i 

4.  The  longitude  of  the  aacendiug  node  •  -    y 

5.  The  longitude  of  perihelion  -  -  *    w 

The  excentricity  is  sometimes  expressed  by  the  angle  ip,  of  which 
«  is  the  sine,  which  ia  cfdled  the  "angle  of  excentricity." 

748.  klemeDta  subject  to  al«w  ▼artatloii  — Bpooli.^If  the 
dementi  of  the  orbit  wure  invariable,  they  wwujd  be  always  known 
when  once  ascertained.  But  although  for  short  interriUs  of  time 
they  may,  without  sensible  error,  be  regarded  as  coDAtaiity  iomd  of 
them  are  subject  to  slow  variations,  which,  after  long  intcirals^ 
such,  for  example,  as  centuries,  completely  change  the  orbits. 
Theee  variations  have  been  calculated  with  surprismg  precision, 
■nd  arc,  moreover,  found  to  be  periodicaJ,  although  their  periods 
aie  in  general  of  such  magnitude  as  t«  siupass  not  only  the  limits 
of  human  life,  but  those  of  aO  human  record. 

Since,  therefore,  the  planetary  orbito  are  thtu  subject  to  a  slow 
but  constant  change,  it  is  neceaaary  in  aaaigniiig  their  elements  to 
assign  also  the  date  at  which  the  orbits  had  these  elements.  When 
the  lales  at  which  the  elements  severally  vary  are  known,  their 
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values  at  wiy  ofleigTied  date  bdng  piv«li^ 
their  valuea  at  Any  other  dat^e,  anterior  or 
posterior,  can  he  deterniined. 

The  date  at  wliich  the  olementa  of  the 
orbits  bar©  had  the  Talues  aasigued  to 
them  in  technically  called  the  epoch, 

7<f9.  M«aji  diatftDceB  of  Die  plJuietAt 
—  In  Table  I.  at  the  end  of  thia  (chapter, 
the  Dieau  distances  of  thi<  plcuietj^  are 
pivea,  that  of  the  Earth  being  unity.  The 
plan  eta  will  be  fuund  in  this  tahle  ar- 
ranged in  the  order  of  their  mean  dia- 
tauci's  front  the  eim ;  the  reader  cr»  tbiia 
Bee  at  a  glance  the  relative  position  in 
the  solar  system  of  each  member  of  the 
plfluetary  group,  -with  the  exception  only 
of  Videan,  which  thon^h  believed  by  many 
to  have  a  real  existence,  ia  not  yet  auf- 
ticiently  recognised  to  be  iDcoqK^nited  in  a 
■ynopticnl  table  of  the  established  pljuieta. 

In  Table  IL  the  distances  of  the  planets 
from  the  eun  and  earth  ve  given  in  mil- 
li nna  of  miles. 

To  illuetmte  the  relative  mean  distances 
of  the  planets  from  the  atui,  and  from  each 
other,  we  have  delineated^  nearly  in  their 
pr*>per  proportions,  the  mean  distanced  of 
the  principal  planets,  and  the  pkaetoida 
or  asteroids,  in  ^;(?.  103. 

II.    Data  to  determine  the  place  of  the 
piund. 

7^0.  Bj"  ttie  «pooli  ftnit  the  mean 
daily  uiotlon.^ The  orbit  being  defint'd 
hi  mngnitude,  form,  and  position,  it  ie  ne- 
eeasarj'  to  snpply  the  data  by  vrhich  the 
poeitiou  of  the  planet  in  it  at  any  assigned 
tinie  may  be  found.  It  will  be  snfhcient 
for  thia  to  aasigu  the  position  which  the 
planet  had  at  the  ei»och,  and  the  perttxJic 
lime,  from  which  the  mean  daily  motion 
of  the  planet  can  be  inferred.  By  mean^ 
of  this  motion,  the  mean  place  of  the 
planet  for  any  given  time  anterior  or  poa- 
terior  to  the  epoch  can  be  determined 
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7$1.  The  •qaattso  of  ili«  o«Btr«.  —  To  find  the  true  plac«  of 
the  planet  ii  further  correction,  howtjver,  is  nec^saarr.  The  aiig-ular 
veiod^  of  the  planet  referred  to  the  bud  ia  not  ttoiform,  hmtig 
gTOftteit  at  perihelioD  and  leaflt  at  aphelion.  The  differencti  he- 
tween  the  position  which  the  plitnet  would  have,  aa  seen  from  the 
aun,  if  itfl  anfr^lar  motion  were  uniform  and  that  which  it  actually 
hfw,  is  called  the  "  eptaiwn  of  the  centre f"  and  t/ibles  are  computed 
hy  which  thid  correction  for  each  planet  may  be  made,  so  that,  the 
mean  place  of  the  planet  in  ita  orbit  being"  determined,  the  true 
place  may  be  found. 

752.  81d«reBl  And  •qiOnoxlBl  9«rl«dc« *-« The  sideueu, 
FERioti,  or  the  time  which  the  planet  takes  to  make  a  complete 
revolution  round  the  aun^  will  be  found  in  the  tiihle  of  the  principal 
eleraenta. 

If  the  eq^uinoxial  points  were  fixed,  the  aidereal  period  would  he 
equal  to  the  interval  between  two  succeaaive  retuma  of  the  planet 
to  the  same  e>quinoxia]  point  Bat  the  equinoxial  points  are  sub- 
ject, aa  alreftdy  explained  ( 1 74),  to  a  very  alow  retrograde  motion ,  in 
virtue  of  which  the  first  point  of  Aries,  from  which  right  ascensions 
and  longitudes  are  meaaured,  raovea  annually  from  the  east  to  west 
upon  the  ecliptic  through  a  apace  a  little  lese  than  a  minut€.  A 
planet,  therefore,  departing  from  the  vernal  equinoxial  point,  and 
moving  coDStantly  from  west  to  eaet,  will  return  to  that  point  before 
it  completes  its  revolution,  inasmuch  &r  that  point  moving  m  the 
contrary  direction  m^eta  it  before  its  tettun  to  the  point  of 
departure. 

It  followa  from  thia,  that  the  interval  between  two  Biiceeaaive 
retuma  to  the  vernal  e^uinoxial  point  ia  a  little  leas  than  the 
sidereal  period.     This  interval  ia  called  the  equm»iial periods 

7  $3,  Perlbellon  and  apbelloa  <U«tftiices.  —  I^t  the  extreme 
and  mean  distances  of  the  earth  from  the  sun,  expressed  in  millions 
of  uiilefi,  be 

d  =  mean  distance 
cf  =  least  distance 
^'  ^  greateat  distance : 

we  ahall  then  have,  according  to  what  haa  bees  already  explained 
and  proved, 

d^qik    tf=9ii  5<  (I  '«)    <f'=9ij  X  (1  ■!-«), 

the  value  of  r  in  the  CJisc  of  the  earth  being  001 67705, 

Let  the  mean  and  extreme  distances  of  a  planet  from  tbe  sun  ho 
in  like  manner  expreawd  hy  d^  d'  ^  iji  milliona  of  miles,  and  we 
ahall  have 

»  =  9l|o    J>'=9li  a  X  (1  -*)    B'  — 91J  ax  (i +  #). 
a  a  X 
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The  diatanca  fl  of  a  planet  fipom  the  earth  at  guperior  conjunction 
being  eqiml  to  the  Bum  of  the  distanoes  of  the  earth  and  planet 
&om  the  atm,  we  shall  have 

This  will  Tftry,  becauae  the  distancea  from  the  sun  vajy.  It  will 
he  greatest  when  the  earth  and  planet  are  both  in  aphelion,  and 
least  when  they  are  both  in  perihelion.  If  s",  therefore,  express 
the  greateBt,  and  a'  the  least  possible  distance  of  the  planet  when 
in  conjunction,  the  mean  being  eipresaed  by  a,  we  shall  have 

The  distance  of  an  inferior  planet  from  the  earth,  when  in 
xnforior  conjunction,  is  found  by  subtractbg  the  planet's  distance 
from  the  sun  from  the  earth's  distance.  If  o  eiproas  the  mean 
distance  of  the  planet  ia  inferior  coDJ unction  ftom  the  earth,  we 
shall  have 

0  =  rf— ». 

The  distance  will  yary  according  to  the  relative  poaitiona  of  the 
axea  of  the  elliptic  orbits^  and  wiU  evidently  be  greatest  when 
the  earth  is  in  aphelion  and  the  planet  in  perihelion,  and  least 
when  the  earth  is  in  perihelion  and  the  planet  in  aphelion.  If  o" 
and  o'  then  express,  as  before^  the  gi'eatcat  and  least  possible  dis- 
tanoea  of  the  planet  in  inferior  conj  unction^  we  shall  haye 
o"=:if' -D'         0'— (f'— D", 

The  distance  of  a  snperior  planet  in  opposition  ia  found  by  aub" 
to-acting  the  earth's  distance  from  the  planet's  distance ;  and  it  may 
in  like  manner  be  shown  that  the  mean  and  extreme  distances  of 
the  planet  in  opposition  from  the  earth  will  be 

o  =  B-d        o"  =  D"-^        o^=D'— <r. 


m.  Conditiont  affecting  the  pk^iical  and  tnechmacai  date  of  the 
pkmet  independently  cfiU  orbit. 

754*  In  the  preceding  chapters  we  have  generally  explained  and 
illustrated  the  methods  by  which  the  real  magnitudes^  masses^ 
densities,  diurnal  r«>tatioa,  and  superficial  gravity  of  the  planets 
are  determined.  Theee  tlaia  and  some  olhera  are  brought  together 
and  armnged  in  j  nxtapoaitionj  being  expressed  numerically,  with 
relation  to  the  most  generally  useful  units,  in  the  Tables  III.  IV. 
andV, 

The  method!  of  computing  many  of  the  q^ujmtitiea  and  magni- 
tudu  given  in  the  several  columns  of  these  Tables  have  bien 
already  explained.  Some  of  them,  however,  require  further  eluci- 
datiozL 
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Tn  Mveral  pArt«  of  this  volume  peference  is  made  to  the  linear 
value  of  an  arc  at  a  dietaDt  object;  it  would  therefore  be  luaeful  here 
to  give  the  methoda  for  its  det^rmiuatioB. 

75^.  meiAUve  mamltades  of  mw«m  of  1%  l',  uid  X'\  sua  tli« 
tmdliM,  —  It  is  prov*?d  io  gieometry  that  the  lengih  of  the  cntiro 
circuoiferenco  of  a  cirdts  whose  radiujs  is  expressed  hy  l  -ooo 
exceeds  6*283  ^J  1*^*^*'  ^^*^  ^^®  5000th  part  of  the  radiua.  As  the 
exact  length  of  the  circumference  doe«  not  admit  of  any  numerical 
cxprcMiou,  it  will  therefore  be  aufficient  for  all  practical  purjmaM 
to  take  6-285  to  expreaa  it 

If  d!,  m,  and  f  expreas  ToepectiTely  the  actual  lengths  or  Uttear 
"valuei  of  a  dej;^e,  a  minute,  aod  a  second  of  a  circle,  the  length  of 
whose  radius  ia  i»xprea«ed  by  r,  we  shall  therefore  have  tho  follow- 
ing Dumeric&l  relatione  between  theae  several  lengths :  — 
6QXS=mj         60  Xm  =  df  ^600  X  8=  d 

360 rf=  6-283 r,         S^^  X  60  X  wis  21600  X  »i  — 6*283  ^'"i 
21600  X  60  X  a=  1296000  Xff=6'z83  xr, 

and  from  these  may  be  deduced  the  following^ : 

r=  ^73  X  d=.  34378  xm—  206265  ^  '• 

By  these  formulaB  respectively  the  length  of  the  radius  may  be 
comptnted  when  the  lioear  value  of  an  arc  of  i^^  1%  or  i'^  is 
known. 

In  like  manner,  if  the  length  of  the  radius  r  be  given,  the 
linear  value  of  an  arc  of  1^,  l/,  or  I"  may  be  computed  by  tho 
formula 

d=—xr,         m=-^^xr,  9——~Xr. 

756.  Tile  linear  And  angvlfir  ]3i«c-nltiid«s  of  an  wro.<-»By 

the  line^  magnitude  of  an  arc  is  to  be  undHrstood  its  actual  length 
if  extended  in  a  straight  line,  or  the  number  expressmg  its  length 
in  units  of  some  known  modulus  of  length,  such  as  an  wicA,  &footf 
or  a  mtle.  By  its  angular  magnitude  is  to  be  understood  the  angle 
formed  by  two  lines  or  radii  drawn  to  its  extremities  from  the 
centre  of  the  circle  of  which  it  forms  a  part,  or  the  number  express- 
ing the  magnitude  of  this  angle  in  angular  units  of  known  value,  as 
degrecss,  minutes,  and  seconds, 

757.  or  tike  tliree  foUawlDc  iiaantltlee, — lOie  Uoeor  vmlme 
of  aa  are,  its  kh^Ikt  iraiiiA,  iiiiil  tlie  leniptti  of  ttie  raAliia, — 
AHjr  nro  betnf  rt^^Ot  ^^^  tblrd  may  be  eompiated. — Let  « 
express  the  angular,  and  a  the  linear  value  of  the  arcj  and  r  the 
radius. 

1st.  Let  a  snd  a  be  given  to  compute  r.  By  dividing  a  by  a  we 
siiall  ind  the  linear  value  of  I  %  1  '^  or  I  '^j  according  as  « is  expressed 
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in  degreeSjf  mmutes,  or  secondB,  And  r  maj  then  he  com|»at*d  hj 
(75  s)'  "11^^%  according  to  the  augiil&r  units  m  wMch  a  is  expix^sjiod, 
we  ihall  ItAYo 

r=^X57-3         ''=-/X3437'8  r=^x  206265. 

andly.  Let  a  and  r  he  given  to  compute  a.  By  (755)  the  linear 
values  of  i',  l',  or  l"  may  be  computed,  smce  r  i&  givBn,  and  by 
dividing  a  hy  one  or  other  of  thoae  valueS|  a  will  be  found :  thus  W9 
ahall  hare 


^i""' 


Xr 


Xr 


1417  8  io6»6| 

jrdly.  Let  a  and  r  be  fnven  to  compute  a.  By  (755)1  m  before, 
the  linear  vfllnea  of  1°,  1',  or  1"  may  be  found,  and  by  multiplying 
one  or  other  of  theB«  hy  a  the  value  of  a  will  be  obtftined :  thus  we 
shall  have 


''=w. '*'•>'•' 


<'=^^'"-'^ 


758.  Metlioa  of  oompntliif  iti«  extr«in«  «jid  meaji  ftf^ps- 

rent  diameter*.— The  real  diameter  8  being  ascGrtained  by  th© 
methods  explained  in  (757),  a  being  the  apparent  diameter,  iind  r 
the  distance,  the  extreme  variation  of  the  apparent  diameter  may 
be  found  from  tt  comparison  of  the  real  diameter  with  the  extreme 
and  mean  distances  of  the  object  Suppoaing"  D  to  represent  the 
mean  diataucei  b'  the  le4i«t,  and  d"  the  greatest  diatance,  we  have 
thus (757) 

a  8  a 

a=-X  206265         a'«pX  206265 


a"  =  £;7  X  206265, 


759.  BiirfiioeB  and  TolmaeB.— The  surface  of  the  earth  con- 
Biflta  of  197  mlUiona  of  square  miles,  and  ita  volume  of  259*800 
millions  of  cubic  mile.'^.  Let  these  nunihera  he  expressed  resptic- 
tively  by  E'  and  JS".  Sincei  then,  the  surfaces  of  spheres  axe  as  the 
gquarea,  and  their  volumes  aa  the  cubes  of  their  diameters,  if  A* 
express  the  surface,  and  A"  the  volume  of  a  planet  related  to  those 
of  the  earth  aa  an  unit,  and  8'  the  surface  in  millions  of  square 
miles,  and  J"  the  volume  in  billiona  of  cubic  miles,  we  shall 
have 

8'=a'xe'  a"  =  A"XB". 

760.  The  Masse**— If  M  and  m'  be  any  two  mosses  of  matter, 
the  iittnjf?tion&  which  they  will  exfrt  upon  any  bodies  placed  at 
equal  distances  from  Iheir  centres  of  pravity  will  be  in  tlie  exact 
proportion  of  the  qiumtitiea  of  pondurable  matter  composing  them. 
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But  it  will  be  convenient  to  obtain  tlie  relation  between  the 
mAKsefl  luid  the  attractions  they  Gxert  at  unequid  distances.  For 
this  purpow^  let  the  ftttractiont  which  they  exert  at  equal  di»-> 
taocet  be  expreaied  by /mid/',  and  let  the  conxmon  distJiiire  at 
which  those  attractions  are  exerted  be  expressed  by  j",  and  let  y 
and  ¥^  express  the  attrnctions  which  they  reapetrti^e^y  exert  at  any 
other  distances,  r  and  r^,  and  we  ahidl  have,  nccording  to  the 
gooAttl  law  of  gravitation, 

/:p::  '1 


and  consequently 


horn  which  it  follows  that 

f      rxr 


But  ^ee  too  mawea  M  and  m'  are  propoTtional  to  the  attractioni 
'/and  /*,  wfl  bavtt 

/-^ 
/        H'* 


and  therefnjts 


that  IB,  the  attracting  masses  Ar«  proportional  to  the  producta 
obtained*  by  multiplying  any  two  forces  exerted  by  thcni  by  the 
wjiiarea  of  the  diirtftnc**  at  which  ftuch  forces  are  exerted. 

Hence,  in  all  cases  in  which  tlie  attnicti\^  forces,  exerted  by  any 
centnil  masses  at  given  distances,  can  be  measured  by  any  known 
or  observable  motionsj  or  other  mechanical  eflects,  the  pix>jjortioa 
of  the  attnu'ting  niR^aes  can  be  determined. 

761.  Esttiai^tloii  of  cvntTfU  laaaaes  AroDpa  wlilcta  baOles 
ravolve*  —  If  hodit^a  reTolve  around  ct^ntral  altmtljn^- iu/lh^ips  as 
the  planeta  revolvt^  anmnd  the  sun,  and  tliw  eatcliitfs  around  their 
primaries^  the  ratio  of  the  attracting  forces,  and  tberefnro  thnt  of 
the  central  masses,  can  be  deduced  from  the  periods  and  distanixni 
*jf  the  revolvinjf  kniiei.  .  .  , 
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Thus  if  p  and  p^  be  the  periods  of  two  bodies  revolying  Rroimd 
difierent  attracting  masses,  if  and  vf,  at  the  distances  r  and  r',  we 
shall  haye 

p  _  f      p''^  r      p^ 

and  sabstituting  this  for  -^in  the  formula  found  in  (76o)>  we 
have 

By  this  principle  the  ratio  of  the  attracting  masses  can  always 
be  ascertained  when  the  periods  of  any  bodies  revoMng  around 
them  at  known  distances  are  determined. 

762.  Bterminatton  of  tiM  imtte  of  tte  asaasea  of  wSk 
pteaota  wbleb  1i«to  satoillteo,  to  tbe  moaa  of  tbo  aiuu — 
This  problem  is  nothing  more  than  a  particular  application  of  the 
principle  explained  above. 

To  solve  it  it  is  only  necessaiy  to  ascertain  the  period  and  dis- 
tance of  the  planet  and  the  satellite^  and  substitute  them  in  the 
formula  determined  in  (761).  The  arithmetical  operations  being 
executed,  the  ratio  of  the  masses  will  be  determined. 

763.  To  dotormlBO  tlio  ratto  of  tlM  momi  of  tto  oeitli  to 
tbttt  of  tbo  SUB. — Since  the  eartii  has  a  satellite,  this  problem 
will  be  solved  by  the  method  given  in  (762). 

If  r  and  r'  express  the  distances  of  the  earth  from  the  sun  and 
moon,  and  p  and  p'  the  periods  of  the  earth  and  mooui  we  shall 
have 

r  _  p' 27-30 i_ 

^-3«3         p- 365  25  ""13-38 


^=56181887    ^ ? , 

r^        ^  '      P*        17Q-024. 


79-024 

which  being  substituted,  and  the  operations  executed,  givet 

^,=  313823. 

This  quantity,  as  showing  the  ratio  of  the  mass  of  the  earth  to 
that  of  the  sun,  is  not  strictly  the  true  amount,  but  is  sufSciently 
dose  as  an  illustration  of  the  method.    The  true  fraction,  the  sun 
being  unity,  is  tt^^w 
764.  BKaaaoa    of  plaaota. — The  masses  of   the  planets  in 


_.^. -J 


'^wmm 
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KUtion  to  the  §\m  being  aAcertaiDed  by  the  Yimou*  methods  ex- 
plaitifi'd  in  (760),  et  seq.f  aod  the  ratio  of  that  of  the  sun  to  the 
earth  beinj^  in  the  proportion  of  3 1 5^000  to  I ,  let  a'"  express  the 
niAJia  re  bled  to  that  of  the  earth|  and  S"'  to  that  of  the  btio  as  the 
unit.     We  shall  then  hftve 


A'"= 


315000 


By  which  A'"  may  he  inferred  firom  1"'. 

The  actual  weight  of  the  earth  in  trilHona  of  tona  may  be  easily 
computed.  Having  BAcertaiued  the  lineiur  dimensions  imd  the 
meau  deasiihr  of  the  e-arth^  it  is  a  question  of  mere  arithraetical 
labour  to  compute  ita  volume  and  weight.  The  uncertainty  attend- 
ing- the  detenii  J  nations  of  the  mean  denait)'  of  tlie  earth,  however, 
will  prevent  any  very  accurate  result  For  example,  the  mean 
density  found  by  Mr.  Baily  waa  5  67  times  that  of  water,  while 
that  resulting  from  the  Harton  experiments  waa  6-57  timea  greater 
than  that  of  water.  For  ua  it  will  be  sufficient  to  adopt  the  former 
value,  which  is  used  penerally  in  the  calculations  of  density  in 
van 008  parts  of  this  volume. 

Taking  the  dimensions  of  the  earth  at  &  little  lesa  than  8000 
mtlea  in  diAmeter^  ita  volume  contains  about 

2^9^00  millions  of  cubic  miles,  or 
38,242,02 ",930  biUigna  of  cubic  feet 

The  average  weight  of  each  cubic  foot  of  the  earth  being  5  67 
times  greater  than  the  weight  of  a  cubic  foot  of  water,  which  is 
found  to  be  equal  to  1 000  ounces  or  62*5  Iba.  (H.  71),  is,  there- 
fore, 354*375  Ibe.,  or  0*1587  of  a  ton.  It  follows,  conaequently, 
th&t  the  total  weight  of  the  earth  amounta  to 

6,069,009,832  billtons,  or 

6,069  trillions  of  tons. 

Let  the  actuil  weight  of  the  earth  in  trilliona  of  tons  be  there- 
fore 6069,  and  let  the  weight  of  any  other  masa  in  trilliona  of  tool 
be  a"',  we  shall  have 

r'=A'"x6o69. 

765.  The  d9«talti«s.^The  meiin  densities  being  the  quotient! 
obtained  by  dividing  the  volumes  by  the  masses,  and  atloptlog  the 
mein  denaitj  of  the  earth  related  to  that  of  water  aa  determined  by 
Mr,  Bdly^  the  unit  being  567  (80),  let  the  mean  density  of  anj  of 
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the  other  bodies  related  to  that  of  the  earth  aa  the  unit  he  x,  and 
related  to  water  r',  mid  we  ahuU  have 

Itia  evident,  however,  that  if  the  value  6' 5 7  reaulting  from  the 
experimeata  made  in  the  llartdn  Collierr^  uuder  the  aupartnlend- 
Mice  of  the  Astronomer  Royal,  were  used,  coasiderable  diflerencea 
would  bo  shown  in  the  used  mean  densities,  in  relfttion  to  thftt 
of  water,  of  all  the  bodies  of  the  solar  system.  It  is  only  an  example 
of  the  ditficully  of  obtaining  accurate  dat^ij  let  the  *^x peri  men t?,  be 
conducted  in  the  most  careful  and  unobjectionable  manner.  Both 
values  are  coriaidered  truatworlhy,  bo  far  ai  the  detaila  of  the 
dillerent  methods  will  allow,  no  preference  can,  tfjerefore,  be  given 
to  either  one  or  other  of  these  determiDationa*  However,  as  that 
resulting'  from  the  Cavendish  experiment  of  Mr.  Baily  baa  generally 
been  U3«?d  in  the  comparison  of  the  dilferent  densities  of  the 
planct£^  we  have  adopted  it^  oa  already  explained,  in  varioua  parta  of 
this  volume. 

766.  Certain  data  not  exactlr  a«c«rtaliiea, — It  will  he  use* 
fui,  therefore,  to  observe  that  in  the  dettTniiufttion  of  several  of 
these  data,  the  remuita  of  the  observations  and  computations  of 
aativjDomera  are  to  a  certain  ext4>ut  at  variancf,  oud  a  correspond- 
ing uncertainty  attends  such  data,  as  well  as  all  conditions  which 
depend  on  them  or  are  derived  by  cal<?ulfttion  from  them,  as  pre- 
viously explained  respecting  the  denmties  of  planets.  This  is  luore 
especially  the  case,  however,  with  the  masses  of  those  planeta 
which  are  imaccompanied  by  .mt**llites,  and  con^^equently  with  the 
densities  which  are  ascertjiined  by  dividing  the  ma^'^s  bv  the 
volumes, 

767.  SBxample  of  tlie  maaaea  and  Aeiwltlea  of  aoiii«  planets. 
— As  an  exiLmple  of  the  churtwt^ir  and  exttmt  <}f  these  discrepancies, 
we  give  the  foOowing  estimates  of  the  masses  of  aome  of  the 
principal  planets  expressed  as  fractions  of  the  mass  of  the  sun ; 
the  column  A  contains  the  values  puhlished  in  the  Annumre  du 
Bureau  den  Lo/ujitudes ;  the  colunin  £  coutaiu<4  the  values  assigned 
by  Professor  Encke,  from  a  comparison  of  all  the  authorities,  except 
that  of  Neptune,  which  is  given  on  the  authority  of  Professor 
Pierce,  who  has  devoted  considerable  attention  to  the  theoretical 
investigations  of  the  motion  of  this  planet ;  and  the  columns  l  and 
M  the  values  given  in  the  treatises  lately  publialied  in  Germany  by 
Professors  Littrow  and  Madler* 
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MncVBV       - 

A. 

B, 

L. 

M. 

1 
msSiQ 

1 

acttfitoT 

t 

4iTai» 

yntVt    '      - 

;^-.>47 

1 
40)8}9 

"^f*?* 

1 
4017HJ 

t 

T 

J5500O 

f 

JSS499 

t 

t^W 

*«6jKI 

UuMn  • 

1            1 

1 

t 

1 

Hwrfvnm       - 

t 

!        tm4 

1 

i 

1 

It  will  be  observed  that  in  Tflblea  III.  IV,  and  V,,  the  quftntitiM 
i^e  in  bU  cases  reduced  to^  and  expressed  in^  thofie  actiiftl  standard 
xnoAsureB  and  weights  with  which  all  persona  are  familinr,  Th« 
utility  of  this  waa  yeiy  forciblj  expreesed  and  Tery  happily  lQus- 
fa-&t4:!d  by  the  Astronomer  lioyal,  in  the  popular  lectures  delirered 
by  him  at  Ipswich  in  March,  1848. 

768.  Xntenatty  of  aolar  llflit  and  best*— Since  the  intenaitjr 
of  Bolar  mdintioE  decreases  aa  the  square  of  the  diBtance  from  the 
sun  decr«aa<^9^  if  y  expreaaoa  its  in  tensity  at  the  menn  distance  of 
fiuy  planet  relative  to  its  intensity  at  the  earthy  aa  the  umit,  we 
shall  haye 

t 


769.  Bu^erHolal  grmTlty.— The  superfinia!  ^vityof  a  spherical 
body  being  in  proportion  to  its  metss,  diTided  by  the  sijuare  of  its 
semlHliaiueter,  and  the  height  through  which  a  body  falls  upon 
the  surface  of  the  earth  in  one  second  being*  1609  5  feet,  let  ^  ex- 
press the  Buperticial  gravity  of  a  s|)heric*d  body  related  to  that  of 
the  earth  as  the  unit,  and  letjf  express  the  height  through  which 
A  body  subniitted  to  it  would  fall  in  one  second,  and  we  shall  haTa 


/=-^,     /=/x  16-095. 


770,  0rl>ltal  velocities  r — It  is  easy  to  show  that  it  fnllo^ra  m 
ft  necessaiy  consequence  of  the  hannonic  law,  which  is  explained 
in  a. subsequent  part  of  this  chapter,  that  the  mean  orbital  veloci- 
ties of  the  planets  are  in  the  inyerse  ratio  one  to  another  of  the 
«quare  roots  of  the  distances  j  for  since  these  velocities  are  propor- 
tiooal  to  the  circumferences,  or,  what  is  the  same,  the  seiui-diametefa 
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of  the  orbits,  divided  by  the  period*,  they  lure  proportioDul  to  --  \ 
btit  •mc€,  by  the  Bitnnonic  Uw,  p*  is  proportional  to  c*,  the  velo- 
cntieB  will  be  prop>TtioDal  to  — ^,  or,  what  ia  the  eame,  to   —  that 

ia,  mTdraely  proportionAl  to  the  squitre  roota  of  the  mean  dlBtfinoee. 
I'hia  bebg  understood,  and  the  mean  orbital  velooity  of  the 
earth  expressed  in  miles  per  hour  beingp  65,553, 1®*  '^  ^  *^®  mean 
velocity  of  ft  planet  relatiid  to  that  of  the  earth  iw  the  unit,  aod  v' 
it«  mean  velocity  in  milea  per  hour|  and  we  shall  have 


V  = 


1 


V^TX  65533. 


and  eitjce  the  ratio  of  mHea  per  hour  to  feet  per  8e«nid  ifl  that 
of  5280  to  3600,  if  t"  be  the  velocity  in  feet  per  aecond^  we  shall 
have 

360 

771.  Siip«rllolfil  velod^  of  rotetton.  —  The  superficial  ve- 
locity of  a  pliint't  at  lie  equator  iu  virtue  of  its  diurnal  rotation  is 
found  by  comparing  the  circumference  of  its  equator  with  the  time 
of  ita  rotation.  By  the  elementary  principles  of  geometry,  the  cir- 
cumference of  a  circle  whose  diameter  is  ^,  ia  ^x  3-1416,  and  if  t 
expresis  the  time  of  rotation  in  hours,  we  shall  hare  for  v^  the 
velocity  of  rotation  in  milfi§  per  hour 

^^8x31416 


which  may  be  reduced  to  feet  per  second,  as  before,  hf 

360 

772.  Solar  fimvltatloii.— ^Tbe  general  law  of  gr&vitiitioD  8up> 
plies  eaay  and  Bimple  means  by  which  the  force  of  the  sun^s 
attraction  at  the  moan  diBtance  of  each  of  the  planets  may  he 
brought  into  immediate  comparison  with  the  known  force  of  gravity 
at  the  surface  of  the  earth. 

Let  thifl  latter  force  be  expressed  by  ff.  It  will  decrease  in  the 
same  ratio  as  the  square  of  the  diijtance  of  tbe  body  aiected  by  it 
increases^  The  distance  of  the  eun  being  23,070  si3mi'diameters 
of  the  earth,  the  intensity  of  the  attraction  which  the  earth's  maai 
would  exert  at  that  diatance  would  be 
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But  the  mnsB  of  the  eun  being:  3 1 5,000  times  thiit  of  the  ewrth, 
it  will  at  the  Bwme  distMic©  exert  an  attractton  315,000  times 
fp^eater.  The  mtmimty  of  the  Attraction,  therefore,  whick  the  sua 
exertd  at  the  earth's  meaa  distaiice  wiU  he 

3 1 $000        y     . 

2  307<^      1690  '  ' 

and  the  tatenaity  of  its  attraction  at  the  mean  distance  of  the  other 
planets  being  still  inversely  as  the  squares  of  the  distances,  will  be 
found  by  dividing  thi»  by  a'.  So  that  if  o  express  this  attraction, 
and  w  the  height,  in  thousandths  of  an  inch,  through  which  a  body- 
placed  at  each  distance  would  fall  in  one  second,  we  shall  hato 


1 6900^ 


F=  16095  ^  12  X  0=  I93I4O. 


By  the  numbers  given  in  the  column  o,  it  is  there  to  be  nnder- 
stood  that  a  mass  of  matter  which^  placed  upon  the  surface  of  the 
earth,  would  weigh  the  number  of  pounds  expressed  by  the  deno- 
minators of  the  fractions  severally,  would,  if  submitted  only  to  the 
sun^s  attraction  at  the  respectiye  mean  distances  of  the  planets, 
gravitate  to  the  sun  with  the  force  of  one  pound.  Thus^  b  mass 
which  on  the  earth's  surface  would  weigh  1690 lbs.,  would  weigh 
only  one  pound  if  exposed  to  the  sun's  attraction  in  the  absence  of  the 
earth.  In  li  ke  manner,  a  m  ass  whi  ch  upon  the  earth '  s  surface  would 
weig'h  1,5 14.^65  2  lbs>,  or  680  tons,  would,  if  exposed  to  the  sun's 
attraetloQ  at  the  mean  distance  of  Neptime,  wt>igh  only  one  pomidf 
so  extremely  ts  the  intensity  of  solar  attraction  enfeebled  by  the 
enormous  increase  of  distance.     (Table  V.) 

The  numbers  given  in  the  column  r  have  &  more  absolute  sense, 
and  express  in  thousandths  of  an  inch  the  actual  spaces  through 
which  a  body  would  be  drawn  in  one  second  of  time  by  the  sun's 
attraction  at  the  mean  distances  of  the  planets  severally. 

773.  CaleolatiDU  ar  tli«  central  foro«  of  rr^Tity  by  tb« 
Tel90lty  mud  cmrratiiTe  ofa  Imayi  —  The  space  through  which 
any  central  attraction  would  draw  a  bo<3y  in  a  given  time  can  be 
easily  calculated,  if  the  body  in  question  moves  in  a  circular,  or 
nenrly  circular,  ofbit  oxound  such  a  centie;,  as  all  the  planets  and 
satellites  do. 

Let  E,^i?.  104,  be  the  centre  of  attraction,  and  e  m  the  distance 
or  radius  vector.     Let  m  m'  =  T,  the  linear  velocity.    Let  m  n^  and 
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m  m'  bo  drawn  nt  right  nngtea  to  B  m,  and  therefoTe  p&reJld  to  eacb 
other.  The  vtslocity  m  m*  may  b«  conaideied  as  compouuded  of  two 
forces  (M.  1 69), one  in  the  direction  m  «"  of  the  tangent, 
and  the  other  m  n  directed  towards  the  centre  of 
attraction  e.  Now  if  the  body  were  deprived  of  it« 
tangential  motion  mH%  it  would  he  attracted  towarda 
the  centre  e,  through  the  space  m  n,  ia  the  unit  of 
time.  By  meaos  of  this  ftpa<:e,  therefore,  the  force 
which  the  central  attraction  exert*  at  m  can  bo 
brought  into  direct  comparison  with  the  force  which 
terrestrial  pravity  exerta  at  the  surface  of  the  earth. 

It  foUowa,  therefore,  that  if  /  express  the  Bpac0 
through  which  such  a  body  would  be  drawn  in  the 
unit  of  time,  falling  freely  to  wank  the  centre  of  at- 
traction, we  flhaO  have  /=tn  n.  But  by  the  ele- 
mentary principles  of  geomedyi 


Wlf.  104- 


tnnXJ  Em  =  m  n^'*. 


Therefore, 


2r 


that  id,  the  space  through  which  a  body  woidd  be  drawn  towards 
the  centre  of  attmction,  if  deprived  of  it«  orbital  motion,  in  the  unit 
of  time,  is  found  by  dividing  the  square  of  th«  linear  orbital  velocity 
by  twice  its  distance  from  the  centre  of  attraction. 

Since  v=r  ^—7-  we  shall  also  have 
206265 

/=      r  X  «• 


2  X  206265' 

The  attractive  force,  or,  whst  ia  the  aame,  the  space  through 
which  the  revolving  body  would  be  drawn  towards  the  centre  in  the 
unit  of  time,  can,  therefore,  be  always  computed  by  these  formulffi, 
when  ita  diBtanee  from  the  centie  of  attracdou  and  ita  linear  or 
angidar  velocity  are  known. 

Sinoe 

_ 1 206000 

wMch  being  fiubatituted  for  a  in  the  preceding  formula,  will  give 


I 


/=4I254IX^; 
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b?  which  the  attractive  force  iiiny  nlways  be  colciiliited  when  the 
diatance  and  pt^riod  of  the  rvvolvin^r  body  are  ku^jwri. 

774«  &«w  or  sraTtUitloii  tbown  In  tlk«  ca««  of  tbe  mooa^ 

I— Tht*  attniotion  exerted  Ijy  the  earth,  at  its  fturfiice,  nmy  b^ 
con\piiT>ed  with  the  attraction  it  exerts  on  the  moon  by  the« 
fonnulfe. 

In  the  case  of  the  moon  v=o'6556  milas,  and  r=  239,000  milea, 
and  bj  cftlculatioim  from  the^e  datO;  we  tind 

fa  o-oooooo8459'^'''=o*o536"«'^* 

The  attmction  exerted  by  the  earth  at  the  moon*9  distance  would, 
therefore,  cause  a  body  to  fail  through  536  ten-tliouBandths  of  an 
inch,  while  at  the  earth's  flurface  iL  would  fail  through  195  inchea 
(M  2+s). 

The  iuteuaity  of  the  earth's  attraction  on  the  moon  ia,  therefore, 
hee  than  its  attraction  on  a  body  at  the  aurface,  in  the  ratio  of 
1 ,930,000  to  5  36,  or  5600  to  1,  or,  what  h  the  same,  ae  the  square 
of  60  to  I. 

But  it  haa  been  ahown  that  the  moon^a  distance  from  the  earth^f 
centre  ia  60  tiraea  the  earth's  radios.  It  appears,  therefore,  that 
in  this  caae  the  attmction  of  the  earth  decreases  as  the  square  of 
the  distance  from  the  attracting  centre  increaaes;  and  that  consie- 
quently,  the  same  law  of  gravitation  prevails  aa  in  the  elliptio  orbit 
of  a  planet. 

77  5.  Bao'a  attroAtloa  00  planeta  oompared  —  law  »f  ^ravi- 
lAtion  nilfilled.  — In  the  same  manner,  exactly,  the  attrnetiona 
wbiL-h  the  Bun  exerta  at  ditferent  diataocea  maybe  computed  by  the 
motions  and  distances  of  the  planets.  The  distance  of  a  planet  give^ 
the  circumference  of  ita  orbit,  and  this,  compared  with  its  periodic 
time,  will  give  the  arc  through  which  it  moves  in  a  4t\Yf  an  hour,  or 
a  minute.  This,  represented  by  m  m\  Jig.  104,  being  known,  the 
apace  m  n  through  which  the  planet  would  fall  towards  the  sun  ia 
the  Barne  time  may  he  calculateti,  and  this  being  done  for  any  two 
planeta,  it  will  be  found  that  theee  spaces  are  in  the  inverae  ratio  of 
the  squares  of  thejj  distances* 

Thus,  for  example,  let  the  earth  and  Jupiter  be  compared  in  thii 
manner.  If  D  express  the  distance  from  the  aim  in  miles,  p  the 
period  in  days,  A  the  arc  of  the  orbit  in  miles  described  by  the 
pHanet  in  an  hour,  and  B  the  space  mi  tt  in  miles,  through  which  the 
planet  would  fall  towarda  the  sun  in  an  hour  if  the  tangential  foroe 
were  destroyed,  we  shall  then  have 
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O. 

P. 

A. 

H. 

Ju|ilt«r.       . 

47S7oe.«» 

t4*4«o 

Now,  on  comparing  the  numbers  in  tbe  \wt  column  with  tlie 
•quarei*  of  thoue  in  the  first  column,  we  find  them  in  alinoat  exact 
Acconlance.    Tbua, 

(9^*)' :  (4757)' ::  24^402  :  0*9028. 

The  diflferenre^  small  aa  it  h,  would  disappe&r,  if  ex«ct  Talnea  were 
taken  instead  of  round  numbers. 

776.  The  b&rsnonlo  law.— A  remarkable  mtmerical  relation 
thua  denoiiiinaled,  prevaiU  between  the  periodic  times  of  the 
planets  and  their  mean  distoncea,  or  major  axes  of  their  orbits. 
If  the  squares  of  the  numbers  expressing  their  periods  be  compared 
with  the  cubes  of  those  which  express  their  mean  distances,  they 
will  be  found  to  be  yery  nearly  in  the  same  ratio.  They  would  bo 
exactly  so  if  the  masses  or  weights  of  the  planets  were  absolutely 
insignificant  compared  with  that  of  the  sun.  But  although  these 
masses,  as  will  appear,  are  comparatively  very  small,  they  are 
sufficiently  considerahle  to  affect,  in  a  slight  degree,  this  remark- 
able and  important  law. 

Omitting  for  the  present,  then,  this  cause  of  deviation,  the 
harmonic  law  may  be  thua  expressed.  If  p,  p',  p",  &c,,  be  a  series 
of  numbers  which  express  or  are  proportional  to  the  periodic 
times,  and  r,  r',  r",  &c.,  to  the  mean  distances  of  the  planets,  wo 
ahall  have 

P         pl  pVE' 


that  is,  the  quotients  found  by  dnriding  the  numbers  expressing 
the  cubes  of  the  distances  by  the  numbers  which  express  the 
squares  of  the  periods  toe  e^jual,  subject  nerertheleae  to  such 
duTiations  from  the  law  as  may  be  due  to  the  cause  above  men- 
tioned 

777.  Ftamied  ItY  tlie  jtlaoets. — Metbod  of  oompatlnff  tbe 
dtfltasee  of  a  pilaset  from  Uie  svn  wb«ii  it«  perlodlo  tlckift  im 
kncnrn* — To  show  the  near  approach  to  numerical  accuracy  with 
which  this  remarkable  law  is  fulfilled  by  the  motions  of  the  planets 
composing  the  solar  system,  wo  have  exhibited  in  the  following 
table  the  relative  appruxiiuato  numerical  values  of  their  several 
distances  and  pericrtis,  and  it  is  evident  on  comparing  the  two 
fiolumns  which  give  the  cubes  of  the  distance,  and  the  squares  of 
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the  periodf ,  that  the  quotients  found  bj  dividing'  the  column  r*  by 
that  of  p*  ftw  eenaibly  equal :  — 


DlaUhnefc 

Fvto4. 

CutotftlMM**. 

Svun^tmUtA. 

KMM«rPUMt. 

r 

r 

f» 

M 

Mmtuff 

c-m 

QTMS 

0057960601 

ooi8o»i 

Venn*  * 

arjxi 

o6tj 

0'I779U™7 

0J7«MS 

Earth  - 

1  CD 

I'OO 

1  OOOODOCIOO 

toooaOQ 

Mar*    . 

r  ji 

Its 

iJo6oi^ 

ryj44 

160000 

l4.rfc^96 

PI«npto|d«        . 
Jupiter 

4-0O 
11116 

Saturn  -           -           - 

,iu 

iy+ft 

870  1500 
7O57-6«0i 

Uranti* 

S-01 

7055'79t6ji 

N*ptuii« 

IjS-CO 

164-61 

MTfCBO  ooeoao 

17099  744* 

Id  general  the  distance  of  a  planet  from  the  etm  can  be  com- 
piiited  by  means  of  this  law,  when  the  distance  of  the  earth  and 
the  periodic  times  of  the  earth  and  planet  are  known. 

For  this  purpose  tind  the  numbe<r  which  expressea  the  period ie 
time  p  of  the  pJiiiiot,  that  of  the  earth  being  eipreased  hy  i ;  and 
let  D  be  the  unmher  which  expresnea  the  mean  distance  of  th« 
planet  from  the  aim,  that  of  the  earth  being  also  expreased  by  1, 
We  shall  then,  according  to  the  harmonic  law,  have 


from  whkh  wd  obtftiai 


i*:p»::i» 


To  find  the  distance  b,  therefore,  it  is  only  neceaaary  to  find  th« 
number  whoso  cube  is  the  square  of  the  number  eipresaing  tho 
period,  or^,  what  is  the  some,  to  extract  the  cahe  root  of  the  aquaro 
of  the  period, 

778,  Kaiiaonl«  law  deduced  AroniL  tbe  lav  of  ffimTltatloD« — 
It  19  not  difRcnlt  to  show  that  this  remarkable  law  is  a  necessary 
conseJiuence  of  the  law  of  graTitation. 

Supposing  the  orbits  of  the  planets  to  he  circidarj  which  for 
this  purpose  they  may  be  tJtien  to  be,  let  the  distance,  period,  and 
angular  velocity  of  any  one  planet  be  expressed  by  r,  p,  and  a,  and 
those  of  any  other  by  r'  p'  and  o',  and  let  the  forces  with  which  the 
sun  attracts  them  respectively  be  expressed  by/ and  ^,  We  shall 
then,  according  to  what  has  been  prored  (773),  have 


rX  a 


r'x 


■'     ax  206265  2x106265' 


tnd  dieiefote 


r'x.*. 
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But  by  the  law  of  gravitation 

therefore 

and  consequently 

K*  X  a'*  =  r>  X  a". 

But  the  angles  described  in  the  unit  of  time  are  found  by 
560°  by  the  periodic  timea.    Therefore, 


360= 


and  coasequently 


7?' 


which  is,  in  fact,  the  harmonic  law. 

779.  Xepler'a  laws.  —  The  three  great  planetary  laws  dl 
covered  by  Kepler,  and  which  are  generally  known  by  hia  naiq 
are  1,  the  equable  description  of  areas;  z^  the  elliptic  form  j 
the  orbits  j  and  3,  the  harmonic  law,  which  has  been  expUmJ 
above*  Kepler  deduced  them  as  matter  of  fact  from  the  recordij 
obaervntions  of  himself  and  other  aatronomerfl^  but  failed  to  ahd 
the  principle  by  which  they  were  connected  with  each  otlit| 
Their  interpretation  waa  given  by  Newton,  who  showed  their  cd 
nectiaa.  j 

^Ve  muiSt  refer  thoae  of  owe  readera  who  desire  an  extend^ 
theoretical  knowledge  of  the  movementi  of  the  solar  «yste| 
including  the  application  of  theae  celebrated  laws  of  Kepler,  i 
those  special  worki  on  the  higher  branchea  of  astronomyj.  whifi 
have  been  prepared  solely  for  the  assistance  of  students  of  1^ 
■denoe.  It  is  not  the  object  of  this  work  to  enter  fully  iuj 
questions  requiring  the  use  of  mathematical  analysis  for  tha 
elucidation^  a&  indeed,  the  limited  apace  allotted  to  thia  voliui 
would  not  allow  us  to  do ;  but  it  has  been  the  endeAvour  to  give 
general  iden  of  the  peculiaritie.'?  of  the  various  members  of  tli 
aolar  system  in  a  plain  and  popular  manner,  without  disturbing  tl 
reader  with  mathematical  symbols  in  the  explanations.  1 

780,  thm  apparent  motion  of  an  inferior  planett  -^  Befd 
proceeding  to  exhibit  in  a  synoptical  table  the  principal  elemed 
of  the  various  planets  composing  the  solar  system^  it  will  be  prop! 
in  this  place  t«  give  a  simple  explanation  of  the  apparent  motiai 
of  an  Inferior  and  a  superior  planet  in  reference  to  the  earth.  "1 
deduce,  therefore^  the  apparent  from  the  real  motion  of  an  inferic 
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plftDet,  let  E,  /j7.  105,  be  the  place  of  the  earth,  t  that  of  the  nm, 

md  ch&  « tb©  orbit  of  the  phioet ;  the  dlrectioQ  of  th«  pkaet*i 

motion  \m.n^  shown  by  the  arrowa, 

tho  positiijtia  which  it  ftsemnes  auc- 

ceaaiTelj  are  indicated  at  &f  u\  e^  o,  c, 

bf  /,  And  fr".    Since  the  earth  moves 

fouQct  the  sun  in  the  &ame  dir^tion 

aa  the  planet,  the  apparent  motion  of 

the  aim  i  will  be  from  the  left  to  the 

ri^bt  of  ftD  observer  looking  from  E  at 

t;  and  bIhcb  this  motion   ia  always 

from  west  to  eaat,  the  planet  will  be 

wieat  of  the  aun  when  it  is  anywhere 

in  the  aemicircle  ch^h' c\  and  eaat of 

it  wbenitis  anywbeie  in  the  semicirclo 

€t  a'  ea  c. 

The  elon^tion  (272)  of  the  planet, 

being  the  angle  formed  by  lines  drawn 

to  the  sun  and  planet  from  the  earthy 

will  alwava  be  east  when  the  planet 
is  in  the  semicircle  c'*  c,  and  weit 
when  in  the  eejoaicircle  <f  tf  c.  Fig.  loy. 

The  planet  will  have  its  greatest 
elongation  eaat  when  the  line  E  e  directed  to  it  &om  the  earth  ia 
a  tangent  to  its  orbitt^  and  tn  like  manner  lis  greatest  elongation 
west  when  the  line  e  «'  is  a  tangent  to  the  orbit. 

In  these  positions  the  angle  #  tf  B,  or  a  ^r*  E^  at  the  planet  is  90**, 
and  consequently  the  elongation  and  tbc  angle  «  s  £,  or  «^  <  B  at 
the  sun,  tidfen  together,  nuke  up  90°. 

It  appears,  therefore,  that  the  greatest  elongation  of  an  inferior 
planet  must  be  less  than  90*^. 

If  the  earth  were  stationary  tho  real  orbital  motion  of  the  planet 
would  give  it  an  apparent  motion  alternately  eaat  and  west  of  the 
sun,  extending  to  «  certain  limited  distance,  reBembltng  the  oscil- 
lation of  a  peudulnm.  'While  the  planet  moves  irom  (/  to  «,  it 
will  appc'ar  to  depart  from  the  sun  eastward,  and  when  it  morea 
from  e  to  c,  it  will  appear  to  return  to  the  sun  ;  the  elongation  in 
the  former  case  constantly  increasing  till  it  attain  Its  moxiinmn 
eastward,  and  ia  the  latter  constantly  decreasing  till  it  become 
nothing.  It  is  to  he  ohserved,  that  the  orbital  arc  </  e  being  greater 
than  e  c,  the  time  of  attaining  the  greatest  eastern  elongation 
after  superior  conjunction  is  greater  tlian  tho  time  of  returning  to 
the  sun  from  the  greatest  elongation  to  inferior  conjunction- 
After  inferior  conjunction,  while  the  planet  passes  from  e  \o  ^f 
its  okmgation  constantly  increases  horn  nothing  at  e  to  its  miiimnni 
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west  at  tf  \  and  when  tlie  planet  moves  from  /  to  c',  it  k\ 
decreases  until  it  becomes  nothing  at  superior  conjunction.  Sim 
the  orbiUl  ftrcs,  c  e'  and  /  c',  are  re^ectively  equal  to  c  e  and  aty 
it  follows,  that  tlie  interval  tkim  inferior  conjunction  to  the  grenl 
est  elongation  west,  is  equal  to  the  interval  from  the  greatest  eld 
gad. on  east  to  inferior  conjiuiction.  In  like  manner,  the  intervf 
from  fiuptirior  conjunction  to  the  greatest  elongation  east,  is  equal  \ 
jthe  interval  from  the  greatest  elongation  west  to  superior  conj  uncti« 

The  oscillation  of  the  planet  altematelj  east  and  west  is  then 
fore  made  through  the  same  angle — that  is,  the  angle  e  B  «^|  il 
fluded  hj  tangents  drawn  to  the  planet's  orbit  firom  the  earth;  bi 
,the  apparent  motion  from  the  greatest  elongation  west  to  ik 
•greatest  elongation  east^  is  slower  than  the  apparent  motion  £ra] 
the  greatest  elongation  eaat  t«  the  greatest  elongation  west,  in  tl 
ratio  of  the  length  of  the  orUtal  arcs  ecf  ¥  X^ec  e'.  \ 

The  planet  being  included  within  the  orbit  of  the  earth,  tl 
orbital  motion  of  the  earth  will  give  it  an  apparent  motion  in  tl 
ecliptic,  in  ibe  same  direction  as  the  apparent  motion  of  the  ani 
but^  since  the  apparent  motion  of  a  visible  object  increases  as  1 
distance  decreases,  and  vcoe  t?#r*il,  and  since  the  planet  being  ai^ 
considerable  distance  from  the  centre  of  the  earth's  orbit,  t| 
distance  of  the  earth  from  it  is  subje«t  to  variation,  the  apparel 
motion  impart^ed  to  the  planet  by  the  earth's  orbital  motion,  wi 
be  subject  to  a  proportionate  variation,  being  greatest  when  t& 
planet  is  in  inferior  conjuaction,  and  leaat  when  in  superior  col 
junction,  i 

The  apparent  motion  of  the  planet^  as  it  is  projected  upon  tli 
firmament  hj  the  visual  ray,  arises  from  the  combined  elfect  of  K 
own  orbital  motion  and  that  of  the  earth.  Now  it  is  evident,  frolj 
what  haa  been  just  explained^  that  the  efFect  of  tha  planet's  otv^ 
motion,  is  to  give  it  an  apparent  motion  from  west  to  east,  wb9| 
paosing  from  its  greatest  elongation  west,  through  superior  cd^ 
junction,  to  its  greatest  elongation  east,  and  a  contrary  apparo^ 
motion  from  east  to  west,  while  passing  from  ka  greateet  elon^ 
tion  east,  to  ita  greatest  elongation  west,  through  Inferior  coflj 
junction*  j 

But  Muce,  in  all  positions,  the  effect  of  the  orbital  motion  of  tM 
earth,  is  to  give  the  planet  an  apparent  motion  directed  from  we| 
to  east,  both  causes  combine  to  impart  to  it  this  apparent  motioii 
while  passing  from  its  western  to  its  eastern  elongation,  throngl 
superior  conjunction.  On  the  other  hand,  the  effect  of  the  orbita 
motion  of  the  planet  being  an  apparent  motion  from  eaat  to  west  i| 
passing  from  its  eastern  to  its  western  elongation,  through  inferifl| 
conjunction,  while,  on  the  contrary,  the  earth's  motion  imparts  toi 
.An  apparent  motion  from  west  to  esat,  the  actual  apparent  motld 
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•f  the  pUnet,  resalfcmg  from  the  difference  of  theae  eff&cts,  will  be 
weatword  or  eastward,  according  m  the  effect  of  the  one  or  the 
ether  predommiitee,  and  the  planet  will  appeiu  Btatiouarj  when  these 
opposite  effects  are  equal. 

In  leaTing  the  greatest  eastern  eloDgation,  the  effect  of  the 
earth's  motion  predominates,  and  the  apparent  motion  of  the  planet 
cx)ntinuea  to  he,  aa  before,  eastward.  Aa,  in  approaching  inferior 
conjunction,  the  direction  of  the  planet^a  motion  becomes  more  and 
more  trans verae  to  the  visual  line,  and  the  distance  of  the  planet 
diicreades,  the  effect  of  the  plonet^s  motion  increasing^  becomes,  at 
length,  equal  to  the  effect  of  the  earth's  motion,  and  the  planet 
then  becomes  stationaiy,  This  takes  place  at  a  certain  elongation 
east.  After  this,  the  effect  of  the  planet's  motion  predominating, 
the  apparent  motion  become*  westward,  and  this  westward  motion 
continuea  through  inferior  conjunction,  until  the  planet  acquirea 
a  certain  elongation  west^  equal  to  that  at  which  it  previously  be- 
came stationaiy.  Here,  the  effects  becoming  again  equal,  the 
planet  is  again  stationary,  after  which,  the  effect  of  the  earth's 
motion  predominating,  the  apparent  motion  b»^omes  eastward,  and 
continues  so  to  the  greatest  elongation  west,  after  which,  as  before, 
both  causes  combine  in  rendering  it  eastward, 

781 .  Appareot  moHoii  urn  i»roi«ot«d  oa  tbe  eollptto. — From 
what  has  been  explained  in  the  preceding  paragraph,  the  apparent 
motion  of  the  planet  on  the  firmament  will  be  eaalljr  understood. 
Let  jl,  B|  K,  f,  X.J  fy.  1 06,  represent  the  ecliptic  in  which  the 
planet  is  at  present  supposed  to  move.  While  passing  from  its 
westem  to  its  eastern  elongation,  it  appears  to  move  in  the  same 
direction  as  the  sun,  &om  Jl  towanis  B.  As  it  approaches  b,  its 
apparent  motion  eastward  becomes  gradually  slower  until  it  stops 
altogether  at  b,  and  becomes  for  a  short  Lnterral  stationaiy ;  it  then 
moves  westward,  returning  upon  its  course  to  C,  where  it  again  be- 
coiues  stationaiy;  after  which  it  again  movea  eastward,  and  con- 
tLDues  to  move  in  that  diiaction  till  it  arnves  at  a  certain  point  d, 
wh^e  it  again  becomes  stationary ;  and  then,  returning  upon  ita 
oouise,  it  again  moves  westward  to  E,  where  it  again  becomes 
stationary ;  after  which,  it  again  changes  its  direction  and  moves 
eastward  to  F,  where,  after  being  stationary,  it  turns  westward^ 
and  so  on. 

The  middle  pointi*  of  the  arcs  B  0, 1>  B,  F  ^,  &c.  of  retrogression 
ore  those  at  which  the  planet  is  in  inferior  conjunction  ;  and  the 
middle  points  of  the  arcs  0  n,  e  f,  a  h,  &c.  of  progression  ore  those 
at  which  the  planet  is  in  superior  conjunction. 

782.  Appftrest  motion  of  «  siiperloif  planet. —  To  deduce 
the  apparent  motion  of  a  superior  planet  from  the  real  orbital 
motions  of  the  earth  and  the  planet,  let  s,  ^^.  1 07,  be  the  placo 
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of  the  sun,  p  th&t  of  the  planet,  and  %  e'  e"'  e"  the  orbit  ol 
earth  included  within  that  of  the  planet,  tHo  directioQ  oti 
motioaa  of  the  earth  and  planet  being^  indicated  hy  the 


Fis,KA. 


When  the  e&rtli  is  at  E*',  Uie  sun  s  and  planet  p  are  in 
Tisuid  line,  and  the  planet  h  conpeqnently  in  conjunction, 
the  earth  moTea  to  ^j,  the  elongation  of  the  plfmet  west  of  thai 
ifl  8  e'  p.  This  elongntion  increasbg  a&  the  earth  moves 
orbit,  becomes  90°  at  e',  when  the  risaal  direction  e'  p  of  ^ 
planet  is  a  tangent  to  the  earth's  orhit,  and  the  planet  ia  then  Id 
western  quadrature.  i 

While  the  earth  continues  its  orbital  motion  to  e'",  the  eJoj 
tion  west  of  the  sun  continuea  to  increasfl,  and  at  length,  'm 
the  earth  cornea  to  the  position  e,  it  becomes  180°/ and  the  plJ 
la  in  oppoaition.  ^ 

After  passing  E,  when  the  earth  moves  towards  <?",  the  eloi 
tion  of  the  planet  ia  east  of  the  sun,  and  is  lem  than  1 8o®,{ 
gnreater  than  90°.  As  the  earth  continiiija  to  adTanee  in  its  a| 
the  plongfttion  decreasing:  becomes  90"  when,  at  i.^\  the  yU 
direction  of  the  planet  18  a  tangent  to  the  earth's  orbit, 
planet  is  then  in  its  eastern  q^uadrature. 
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Am  the  earth  moves  from  e'"*  to  s'",  the  eloti^tioo,  being  still 
enstf  coDstantly  decreoaes  UDtil  it  bucoiuea  nuthing'  At  E  ",  where 
the  planet  ia  in  conj  unction, 

783.  Slreot  and  retroirvde 
iBAtftoB.  ^-^  If  the  pLiiDet  were  ini- 
movAble,  the  effect  of  the  earth '-i 
motion  would  be  to  grive  it  an  <nsi'il- 
liitory  motion  altomftt^ly  eAStward 
and  westward  through  the  aiiifle 
^  p  k",  which  the  earth's  nrhit 
iubtezida  at  the  planet  Whil»f 
the  earth  move*  fiim  e"  through 
B"'  to  E',  the  planet  would  appetir 
to  move  e€U^w&rd  through  the  uh^'Ig 
B'  p  e'',  and  while  the  earth  moyea 
from  b'  through  k  to  e'',  it  W(Hjld 
appear  to  move  KJerfiwirrf  throu^'h 
the  same  aog'Ie. 

ThuB  the  effect  of  the  earth's  mo- 
tion alone  is  to  make  the  planet 
appear  to  move  from  east  to  westf 
and  fipom  west  to  east  alternately, 


Tit,  »Q7. 


through  a  certain  arc  of  the  ecliptic,  the  length  of  which  wiU 
depend  on  the  relation  between  the  distances  of  the  e«th  and 
planet  from  the  8un»  the  btc  being,  in  fact,  raen*iired  by  the  angle 
which  the  earth'a  orbit  subtends  at  the  planet,  and,  consequently, 
this  angle  of  apparent  oscillatioD  will  decreAae  in  the  fiame  ratio 
aa  the  diartanco  of  the  planet  increaaea. 

The  timea  in  which  the  two  oacilliitions  eastward  and  westward 
would  be  made  are  not  equal,  the  time  from  the  western  to  the 
eastern  quadrature  being  leas  than  the  time  from  the  eastern  to  the 
weatem  quadraturo,  in  the  ratio  of  the  orbital  arc  E'  X  B"  to  the 
an?  E"  E"'  B'. 

It  is  evident,  therefore,  that  the  more  <!istant  the  planet  p  is, 
the  less  unequal  will  be  these  arcs,  and  consequently  the  less 
unequal  will  the  inten^ak  be  between  qnadrature  and  quadrature. 

But,  meanwhile,  the  earth  being  included  within  the  orbit  of 
the  planet,  the  effect  of  the  planet's  orbital  motiou  will  be  to  gi\'e 
it  on  apparent  motion  ta  the  ecliptic,  always  in  the  same  direction 
in  which  the  eun  would  move  when  in  the  same  place,  uid  there* 
fore  always  eastward  or  direct 

This  apparent  motion,  though  always  direct,  ia  not  uniform, 
since  it  increases  in  the  same  ratio  as  the  distance  of  the  earth 
frr.m  the  planet  decreases,  and  vice  vernL  This  apparent  motion 
thus  due  to  the  plimet^a  own  orbital  motion,  is  therefore  greater 
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from  western  to  eastern  quadnitupe,  than  from  eaatera  to  western 
qtiadmtiire. 

From  eaatem  ta  weatero  quadrature,  tlirough  coQJmictioii|  the 
apparent  mution  of  the  planet  h  direct,  because  botli  its  own 
orbital  niotjoii  aad  that  of  the  earth  combine  to  render  it  so. 
From  westera  qtindrature,  &9  the  planet  Approaches  opposition,  the 
effect  of  the  earth's  mution  ia  to  render  the  planet  retrograde, 
while  the  effect  of  it«  own  motion  is  to  render  it  direct.  On 
leaviug  qnadi  atnro  the  lutler  efftjct  predomLnatcf),  and  the  apparent 
motion  is  direct ;  bat  at  a  certain  elongation  before  arriving'  at 
opposition,  the  effect  of  the  earth *s  moti<in  increasing,  becomes 
eqiml  to  that  of  the  phinet,  and,  neutralisimg  it,  renders  the  planet 
stationary ;  after  which,  the  effect  of  the  earth's  motion  predomi- 
nating, the  planet  becomes  retroj?rade,  and  cnntinuea  so  until  it 
acquires  an  equal  elongation  eaatj  when  it  again  beoomea  stationary, 
and  is  afterwards  direct,  and  continues  so. 

784.  Apparent  motioD  mm  projeeted  mi  tke  cellptlcr — Let 
A,^^.  106,  roprt'sent  the  place  of  a  superior  planet  when  morbig 
from  its  western  qnadrature  towards  conj  unction,  its  apparent  motion 
being  then  direct  Let  b  be  the  point  where  it  becomes  stationary 
filter  its  eastern  quadrature ;  its  apparct^  motion  then  becoming 
retrogradfi,  it  appears  to  return  upon  its  course  and  moves  westward 
to  0,  where  it  again  becomes  stationarifr ;  after  which  it  aguin  returns 
on  its  course  and  mores  direct  or  eastward,  and  oon;tinuea  so  until 
it  arrives  at  a  certain  point  D,  after  its  westera  quadrature,  when  it 
agiiin  becomes  statiouaiy,  and  then  again  retro^TTides,  moving 
through  the  arc  D  E,  which  will  be  equal  to  B  c ;  after  which  it 
will  again  become  direct^  and  so  on. 

The  places  of  the  planet  s  opposition  arc  the  middle  points  of  the 
arcs  of  retrugresaion  B  c,  i>  e,  p  q,  &c,  ;  and  the  places  of  conjunction 
are  the  middle  points  of  the  arcs  of  progreasiun  c  d,  e  f,  e  h^  &c. 

It  is  evident  from  the  preceding  explanation,  therefore,  that  the 
apparent  motion  of  a  superior  planet  projected  on  the  ecliptic  is  in 
all  respects  eimilar  to  that  of  an  inferior  planet,  the  differenco 
beingi  that  in  the  latter  the  middle  point  of  the  arc  of  retrogres- 
sion corresponds  to  inferior  conjimetion,  while  in  the  former  it 
corresponds  to  opposition. 

It  will  be  apparent,  from  what  has  been  shown,  that  the  angle 
which  the  earth  gains  upon  the  planet  in  the  interval  between  its 
western  and  eastern  quadratures,  is  the  angle  which  the  earth's 
orbit  subtends  at  the  planet,  or  twice  the  annual  parallax  of  the 
phmet  (165)- 

Though  not  bearing  immediately  on  the  subject  of  this  paragraph, 
it  will  not  be  entirely  out  of  place  to  explain  here  the  daily  synodic 
motion  of  a  planet.    The  daily  synodic  motion  ia  tlie  angle  hy 
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whicli  the  planet  depart*  from  or  iipproaclie«  to  the  earth  in  ita 
course  around  the  Bun.  Thu5  if  A  expreaa  in  degrees  the  angle 
formed  by  two  lines  drawn  from  the  sun,  one  to  the  planet  and  the 
other  to  the  earth,  the  dftily  synodic  motion  will  be  the  daily  in- 
crease or  decreaae  of  a.  producer!  by  the  motioni  of  the  earth  and 
planet  For,  since  the  earth  and  planet  both  more  in  the  same 
direction  aroiund  the  Biini  with  di^rent  nng^ar  motions,  the 
increMo  or  decrease  of  A  wiE  be  the  difference  of  their  motions, 

78  ^«  Brnoptlo  tatilfi  of  tbe  principal  el«ni«nt»  of  tb« 
planetary  orbits.  —  In  Table  I.  are  given  the  elements  of  the 
planetary  orbits  as  referred  to  the  epoch  specially  aaaigned  for 
each  planet  Those  of  the  more  recently  discovered  plunetoida 
muBt  be  re^rded  somewhat  provisionally,  and  pmbably  will  be  cor- 
rected when  their  positions  have  been  more  accurately  determined 
hy  observation.  In  the  majori^^  however,  tbe  elementa  as  given 
b  the  Table  have  been  da^miined  with  considerable  accuracy  by 
tbe  several  authorities  whose  names  are  mentioned  in  the  last 
column,  and  are  the  most  recent  determinations. 

The  Talue  of  the  aolar  equatorial  honzontal  parall&x,  or  the 
angle  which  the  earth's  semi-diameter  at  mean  distance  jnibtends 
at  the  sun,  adopted  in  the  computation  of  the  distances  of  the 
planets  &om  the  eim  and  earth  in  Table  II.,  baa  been  assumed  to 
be  8"'94.  These  numbers  have  been  finally  agreed  upon  hy  the 
Ajstronomer  Royal  and  M.  Le  Verrier,  nntil  a  more  aocurate  de- 
temiination  la  made  at  future  favourable  oppositions  of  Mars,  or 
at  the  next  trMisits  of  Venus  in  1 874  and  1882.  An  abstract  of 
the  investigations  from  which  this  value  has  been  obtained  will 
be  found  in  the  Appendix  (807). 

The  planets  in  th^  following  table  are  arranged  in  the  order  of 
diatanee  from  tho  ami,  the  elementa  of  the  orbit  of  each  planet 
being  inserted  u  follows  :  — 

1 .  The  mean  diurnal  heliocentric  motion, 

2.  The  sidereal  period. 

3.  The  mean  distance  from  the  aim,  or  semi-axia  of  orbitj  that  of 
the  earth  being  unity. 

4.  The  excentrictty  of  the  orbit 

f;  The  longitude  of  the  perihelion^  referred  to  the  mean  equinox 
of  the  respective  q)och». 

6.  The  mean  longitude  ^t  epoch. 

7.  Tbe  longitude  of  the  ascending  node,  referred  to  the  mean 
equinox  of  the  respective  epocha. 

8.  The  inclination  of  the  planet's  orbit  to  the  plane  of  the 
ecliptic. 

9.  The  epoch  or  date  at  which  the  dementa  of  the  orbits  havw 
been  assigned. 

LANE  imm.  STMi^Q^^  mMjasi?x 
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PRINCIPAL   ELEMENTB 

mvMtavhBBt. 

a 

H«AiidlDni&] 

Heliocontric 

Motion. 

Fenod. 

lCeaadi>t«)Oe 
frotn  81m,  or 
BemlHUtk.— 
(BuUi's  dk- 
Unoeai.J 

Bxosntridty. 

-.i 

HlBCtlBT  -      - 

5 

ft 
14731-419 

87-9693 

0-3S7099 

0*105618 

3*7  «: 

'Vbjtds-    -    - 

? 

J76r66» 

2147008 

0-713331 

0*006833 

*4S  3 

Earth-     •    - 

^ 

3548-193 

365-1564 

1-000000 

0-016771 

100  4 

M»iia   ^    .    - 

S 

]SS6-5i8 

686-9797 

1*5x3691 

0093161 

834 

Flora-    -    - 

© 

1086-JJ1 

1193-OJ 

1*101387 

0156704 

68  4I 

AauDXB  -    - 

® 

io«4-9J7 

119454 

1103173 

01675*1 

»o*4 

FitaoKu   •    * 

® 

1040-147 

ii45'9« 

1*166077 

0-119780 

339  «' 

® 

1039-3JS 

1146-95 

1*167153 

0*046591 

187  4i 

® 

loao'tao 

1x70-44 

1-195636 

0-1I767I 

95  i< 

Sappho     -    - 

® 

1QI9-6SO 

1*70-99 

1196199 

Q'100150 

45  ti 

ViCTOBIA  -     - 

® 

994-835 

130*73 

1-334104 

0*118913 

7  ¥ 

EVTHBTB    -      • 

:® 

986*^0 

i3iro« 

1-346719 

o"i73ti5 

*3«f 

Vmta-    -    - 

® 

977*830 

1345*38 

1-373363 

0*08981 1 

3x6  %\ 

Ukahia    •    - 

® 

975^*74 

1328-86 

1-365485 

0-116518 

33«     I 

NlHAUflA  -      > 

® 

97S'I3» 

1319-04 

1-365703 

0066181 

«3«  31 

Clio    -    •    - 

® 

974-056 

1330-51. 

2-367457 

0-137576 

353    1 

IBM       -      -      - 

© 

963*581 

tt^6%i 

2-386134 

0*130853 

107  si 

Mens  •    -    - 

® 

962-339 

1346-71 

1-386633 

■0*113314 

118    1 

Echo  -    -    - 

® 

95«*474 

i35i'rS 

2-393045 

o-i  84741 

16418 

AUBOHIA     -      - 

® 

9S7'3»o 

1353-78 

2*394997 

0*115840 

116  5< 

Phoou      -    - 

® 

953'»»3 

135874 

1-400811 

0-154313 

**    1 

MASStZalA    •       -- 

® 

?t«SS9 

1366'iS 

1*409695 

0-143551 

260  rj 

AaiA    •      -  - 

® 

941-491 

a37«54 

1-421737 

0-185088 

*4»  »<( 

Ntsa   -    -    - 

® 

941-360 

1376-73 

i-4»i96» 

0-150771 

35  «y 

HlRlt    .     .     . 

© 

939-081 

1380-07 

1*415877 

o'2oi668 

198  S] 

BSATBIX     -      . 

® 

93741S 

M*^'53 

1*418751  ^ 

0-0841 5  J 

105  3« 

LxmrrA    -    - 

®; 

933'554 

1388-14 

**435443 

0-161104 

4t  ri 

u. 

® 

93090* 

1391-19     1 

1-440061  j 

0-135615 
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LoDgitDdioC 

Lotigitddeot 
Ajciuullng  Nod«. 

IncUitAtlon 
©f  Orbit. 

l[fl«&  EkAms  Time  of 

Epoch  »t  0T*enwr1cb, 

Parli,  Berlin,  or 

Autboritj  lor 

II 

0       t       1* 

«                M 

»       r         **■ 

75     7    o-o 

46  33     33 

7     0     8-2 

185&  Jan.     10  P, 

-1     Annidea  dc 

1  rObsiTTatoire 
J" 

5 

1x9  13  56-0 

75  19    4'» 

3  »3  30*8 

»                 i* 

? 

too  11  4o'o 

0     0     O'O 

0      0      O'O            »»                         r, 

\    ImperJal  de 

® 

!  333  t?  S^'S 

48  21  44*8 

I     51       51 

tf                 t* 

J  Pariil.Tomell, 

s 

3*  54  a8'3 

iio  17  48-6 

S  53     80 

1848  Jan.     I'o  B. 

Briinnow. 

© 

1  177  48     9"6 

264  37  43*9 

1  17  40*5 

1866  Jan.     I'D  B. 

Wpi»8. 

© 

'  307  54  49'5 

*«7  44  59*6 

5  n  54"5 

1866  Jan.    00  B. 

C,  H.  F.  Petws. 

© 

«  54    7*0 

93  34  54'* 

4  15  484 

1863  Jan.     O'O  B. 

Schubert. 

® 

j    »5     5  3«*° 

150     3  497 

10    9  ifi'9 

1854  Jan.     O'O  6. 

Schubert. 

® 

355     5  "5 

21S  31  45^0 

8  J6  5t'3 

1865  Oct.     7-0  B. 

Tietjen. 

® 

301  39  is'o 

^35  34  41*7 

8  23  177 

1851  Jan.    CO  B. 

Briinnow, 

® 

87  35     3'« 

93  48     1*5 

1  J5  29-8 

i«66  May  26^5  B. 

Gnnther. 

® 

350  28     fi 

103  14  59*1 

7     7  58'! 

iS6<  Aiig.  27-0  G. 

Farley. 

0 

31  *8  57*9 

3o»    9  39** 

3r     6     6*9 

1865  Aug,  i8'o  B. 

G^nthPT. 

© 

17+  5»    0-6 

175  43     ^'3 

f  5^  5*-8 

1865  Jan.  17-0  B. 

TietJTO* 

© 

339  »S  43*1 

327  20  567 

9  "  *8-s 

18^5  Nor,  10*0  B, 

Valentine. 

® 

41  n  a'l 

259  47  5r« 

5  a8     30 

1850  Ja.lL    O'O  B. 

Bran  no  Wt 

© 

71    3  511 

68  31  35-a 

5  36    0-3 

1858  JoDe  30-0  B. 

Le«ier, 

® 

98  33  316 

192    2    9'o 

I  34  18-5 

tS65  Jan.     0*0  B. 

C,  H.  F.  Petera, 

® 

269  31  49-0 

338     6  58*3 

5  47  «6*3 

1865  April  170  B. 

Tietjen. 

@ 

3o»  49  53'4 

»i4     s     7-3 

21  34  35-3 

»S6j  No^'-  120  B. 

Giinther. 

@ 

98  19  31-8 

206  45     67 

0  41     9*5 

1866  Jime  15*5  B. 

OiinlhtT. 

® 

306     8     6'9 

202  43  29 0 

5  59  35*9 

1865  Jan,     7-0  B. 

Friflchanf. 

® 

iia     s  31-5 

131     3  3ri 

1  41  57-6 

1 866  Oct.     9'o  B. 

1       Poviilly, 

® 

IS     6  137 

>38  39  i7'3 

H  46  43*9 

'1 866  Jmid  30*0  B. 

R.  Lmthen 

® 

tSS  aS  20*9 

27  34    91 

5     »  "3 

1865  May    40  B. 

.      Bwker. 

© 

3*7     3     «'4 

80  27    7*1 

3     5    9*5 

1853  Jan.     20  B. 

Lessor. 

® 

3I«     0  4«7 

84  30  40-4 

8  34  330 

i860  J>m*    O'O  B. 

Bmnn. 

® 

470 

ASTBONOMY, 

TamJ 

KUMOf  FlMW£. 

h 

HdlMtallte 
HUkw. 

feriod. 

fButh'adli^ 

uJC'COS  tri  cj  tf 41 

"T.SS! 

©' 

0 

14+1157 

0-158590 

1S9    12    SI 

EmtTKOMS      - 

® 

9*9' 1 19 

1394-8 

■443171 

0-19505& 

45  4»  54 

PlBTHXSrOTB  - 

© 

9H"l54 

14^1 

■451936 

0-059581 

196  *8  4A 

Thbtm-    -    - 

® 

9ii'o66 

t4ao-t 

■471J4S 

0-117701 

7741  4* 

H««TIA        -      - 

® 

883-564 

1466-7. 

•516460 

0-164166 

316   XX    1^ 

® 

871*444 

J4B719 

■549835 

0-180304 

%%<^  44  ai 

AMFHiraiTB     * 

® 

869-334 

H! 

*IS3tS9 

0-0739S9  ' 

s6i   17  }^ 

EOKBIA        -      - 

® 

g57'«Bci 

H*-, 

S7664" 

0-0870^3 

34*  59  S^ 

AflTiKA      -      - 

® 

857  611 

15111 5 

'57717s 

0-187511 

5  "   *f 

114  47   16I 

Ibikb  -    -    - 

0 

8s3^ao8 

1518-97 

1586035 

o-i66o3a 

PonaNi    -    - 

® 

8s*-i88 

i5io'o! 

1-587189 

0-033017 

57  1^   ar'^ 

Mel^ji    •    - 

® 

848130 

15177' 

i*S9S91» 

o'J3744« 

178     9  37-1 

Pa.kopki  -    - 

® 

839-906 

154J03 

1-615168 

0-183119 

14S  44  41'' 

Cai.tx>so    -    - 

® 

836'Sos 

'54^75 

i'619715 

0103901 

100     5   14-; 

DustA  -    *    ' 

© 

83S'3S3 

iSSi'44 

1-611755 

0-105514 

18     3  38X 

TjulLH^     -    - 

® 

^ir^n 

nss'^^ 

^-617079 

0*131019 

116   51  S-O'l 

Ywm  *    -    - 

® 

816-545 

1567*97 

1-641356 

0-176735 

333     6  46*: 

Eonoiai.  -    - 

© 

Uy^SS 

1570*04 

a-643681 

0-187149 

1+9  57  3»*< 

ViBOunA  -    ~ 

® 

8Z1944 

>  574-83 

1-649054 

o-z369oS 

93  10  40- 

MiTA    -      -      - 

® 

8£i>9zi 

157679 

1*651151 

0-ISS095 

131   31     3I 

la  ...    - 

® 

8io*g|6 

157888 

i-653s8« 

0-190656 

8  4t  S4*i 

PBOSKBilia    - 

© 

S]96g5 

i5Snd 

1-656071 

0087336 

117   31    IO"< 

Clttis     -   - 

@ 

8I4-841 

1590-49 

s-66£5«x 

0041750 

IS  t%     6'J 

JUMO     -      -      - 

0 

fti4'O07 

1591-11 

1-66I409 

0-157150 

to     1  ai'j 

EtTKinitCK  -    ' 

,@ 

813-365 

1593-3* 

a-669811 

0-306906 

161   s*  jS'l 

FmoQjL     -    - 

@ 

gix'fot 

J5SS»7 

1-671914 

0135814 

zS6  47  48M 

AjfQELUU.-      - 

® 

8DS'3ti 

i6or34 

1-680919 

0-128193 

119  10  ii'l 

CncB  -    -    * 

® 

.    8oS'8sS 

i6o|-s3 

i-6g637J 

0-107344 

310  16  11'- 

OojrcoiitHA     - 

© 

799^*31 

i6io-7S 

1-700195 

0-041531 

lio  31  53-1 

Ai^xAimiu.   - 

•& 

794  jii 

i63r5a 

3-711315 

0196916 

19    4  16-; 
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liinwd. 


f 

hongitQSt  of 
FeriiMUoa. 

Loniritadeof 
Ajoe&ding  Node. 

IncUnmtfoo 
otOxUU 

Mc«ti  SolftT  TLzoe  of 

Epoch  w  Greenwich^ 

P«U,  Benin,  or 

Wiuihlngto& 

Anthorttj  for 
EloiDieata* 

¥1 
1% 

@ 

30  57  54'* 

sii  IS  391 

at          tt 

1   3x  44-8 

1863  June  14-0  B. 

Poiralky. 

44  «7  5B'« 

106  4S  41-6 

4  36  46*S 

1&64  Jan.     10  B. 

TiacMer. 

®_ 

J17  14  3t'4 

115    7  a7*9 

4  37     1*6 

1865  Mar.  17*0  6. 

K.  Lutber, 

ii 

1  a6o  04  17-6 

laS  *1    4a 

.5  36     6*a 

tS66  Jdy    r^  B, 

Schonfeld, 

PI 

f 

354  10  349 

i&i  16  45 3 

a  17  3**1 

1865  Julj  160  B. 

Karlinski. 

® 

» 

3S3  «6  547 

311  s^  37'5 

16  It  Z5-3 

1866  Sept,   00  B. 

Knorre. 

® 

1 

56  56     z^l 

356  30.    yx 

6     7  49*3 

1866  Mar.  1 00  B. 

Giinth^r. 

® 

ISO    5  15*0 

43  1$  S6'3 

t6  301  4S8 

1866  Aug.  190  B. 

Gun  then 

® 

f 

13s  H  567 

141  «j6  i6'i 

5  «9    9° 

1865  Sept    ro  G. 

Farley, 

© 

17?  Sa     «■» 

86  4a  m 

9    7'  37-5 

i864>'oT,  i8-o  B. 

Briihiifl. 

0 

193  11  49*8 

aa^  4a  55'6 

S  »&49-9 

1855  J*«,     5*0  B, 

Lester, 

® 

a93  19  ^So 

194  17  S3-7 

8     I  409  1 

1865  Juno  100  B. 

E,  Lutber. 

® 

300     3  30-3 

48  14  4*'^ 

II  38  30-1 

i86z  May  »8o  B. 

Xhin&r. 

® 

9*  S3  301 

144     t     90 

5     6  39-«» 

1866  Jan.     4'o  B. 

Gunther, 

® 

- 

i»i  4S  47S 

333  55  48-4 

%  38  39-9 

i«65  Oct.     40  B. 

Tie^en. 

® 

113  4S  5x3 

67  41     4'a 

10  13  18a 

1867  May  30'©W. 

Scliubert. 

® 

66  io  17*3 

S  1*  19-4 

3     7  "3 

1853  Oct.     jo  B. 

Tiole. 

® 

%7  51    o*5 

193  54  14' 5 

11  44  i7'4 

1854  Jan.    00  B. 

Schwb«rt, 

© 

9  53  ai'4 

173  3'  59*a 

a  47  +8-4 

1863  JaD.  180  B. 

Powalky. 

®: 

44  »S    0*6 

8  IS  137 

3    4  t5*< 

1865  Jan.  17*0  B. 

Weie«. 

® 

311  37     i*« 

103  51  47"a 

11  53  i6's 

1865  Nor.  14-0  G. 

Dolm&tu 

@ 

136  15  15*0 

45  54  59'3 

3  35  47"7 

1 85 3  Juno  II -0  B. 

Hoek. 

® 

59  59  "10 

7  34  19*1 

a  a4  39'5 

1864  Oct     40  B. 

OppolMT, 

® 

54  S^  "•© 

170  49  3a'9 

13     I  ao7 

1865  Sept,   ro  a. 

Hind. 

© 

314  io  56*8 

359  57     60 

5    0    17 

186$  Dec«  130  B. 

Engclinaiui. 

® 

58  zi  31*0 

a    9  a?"^ 

a  17  566 

1 86  6  Jan.     o'o  B. 

C.  H.  F.  Peters. 

® 

J 13  33  10*6 

3"     4  487 

1  19  51-8 

1865  Jan.     7-0  B. 

Oppolzer. 

® 

150    3  19a 

184  4«  36-5 

5  16  18-9 

J  86  5  Atig.  10*0  B, 

Anwops. 

® 

1^8  41  S5*o 

161  19  35-6 

5     t  53-a 

1865  Jan.     7*0  B. 

Oppker. 

® 

19s  17     «7 

314    S     8-4 

u  46  41-9 

1863  Nuv,  140  B. 

SchulU. 

® 

47* 
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TABLtl 


DMOfPlUMt. 

11 

MMndlmiul 

HeUooentcio 

KoUan. 

Period. 

M«uidliUnoe 

firom  Ban,  or 

SemiHuds.— 

(Earth's  dii- 

Unoe^i.) 

Bsontridtr. 

-^sae- 

@ 

0 
793*977 

1632*29 

2*713100 

0*117263 

0       t     m 
35*  33  »77 

@ 

790-432 

1639*61 

2*721209 

0-079920 

250  1%  si-5 

DA     -      -      - 

® 

78aa5o 

165676 

2*740i4« 

0*155432 

ii»  s«  »r* 

® 

779694 

1662*19 

2*746129 

0-301229 

117  40  b6^ 

OM  -      -      - 

® 

775733 

1670-68 

1755474 

0*173720 

'♦5  IS  14"4» 

XHORk.  -      ' 

® 

774-218 

1673:95 

2759068 

0-144736 

46  5«  srs 

® 

7737" 

1675-04 

2760273 

0-226005 

xos  SI  4s-tf 

jam  ... 

o 

771-aai 

1680-88 

2-766692 

0-080264 

»*5  Si  »J7 

BTXTLL     -     - 

® 

770-857 

1681-25 

2*767081 

0-114659 

»34    9  S»-» 

lFRNI     -      • 

® 

769997 

1683*12 

2769147 

0-265929 

»7S  S7  Sl-^ 

IXA8       -      - 

© 

769-805 

168354 

2769601 

0-239966 

94  SI  S»w 

[UBB        -      - 

® 

769-561 

1684*08 

2770186 

0-165027 

305     0     1^ 

^XJLTBA    -      - 

@ 

766-439 

1690-93 

2777705 

0-238200 

»S6  45  MT! 

ILLONA    -      - 

@ 

766-ia» 

1691*64 

2*778470 

0^150099 

«     S5r4 

TO     -      -      - 

@ 

.    7fi5'3*3 

1693*40 

2*780405 

0*188461 

7t  5i«^ 

SPSICHOBB  - 

@ 

735-024 

1763*21 

^  2*856296 

0*211758 

%t  59  »•» 

iLTHTMiriA.- 

@ 

732029 

i770-4a 

2*864085 

0*339119 

«xo  17  4j|« 

iULlk.        -       - 

® 

725499 

1786*36 

2*881244 

0-132044 

"«  33  »r5 

XXIOPB  -      - 

@ 

7"4'5H 

1813*82 

2-910711 

0098541 

347  53  •S'^ 

TCKB       -      - 

® 

709-760 

182597 

2*923681 

0135429 

»3o  37  I3< 

ESPEBIA.-      - 

@ 

692-630 

1871-13 

2-971693 

0-173831 

»63  53  ^^ 

lKAB  ... 

@ 

688-082 

1883-50 

2-984773 

0*161600 

3*7  »o  rr 

UCOTHKA      - 

® 

680-588 

1904-24 

3*006638 

0*217211 

333  34  4»T» 

IW  -      -      - 

@ 

655-621 

'97675 

3082494 

0*237207 

5»  «5  ^f 

@ 

652-985 

1984*73 

3*090786 

0*204954 

37    »  lt*J 

rBOPA     •     • 

@ 

650-088 

1994-04 

3-099942 

0*101415 

136  ai  um 

»RI8  -      -      - 

@ 

647-130 

2002-69 

3-109402 

0*076636 

309    3a   tVB 

rrxoPB    -.    - 

© 

644-196 

2011-81 

3-118839 

0*147672 

»«3  3»  5«7 

lATO-      -      ^ 

® 

640-859 

2022*29 

3*129653 

0*169657 

3«3*t4W 

BMW       •      • 

® 

636-763 

2035*29 

3-143057 

0-116925 

i«o  as  ftT^ 

1 

^^^^ 

3 

n 

I 

Ik: 

!||£iIb 

1 
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3 

Continued, 

4 

' 

1 

LondtiHleof 
Perilwllon. 

Longitude  of 
AjoofuUng  2?o<l«. 

In^UttAtloci 
o(  Orbit, 

KeM  8ol«r  Him  of 

Bpocb  at  Onenwioli,  , 

Pvi*,  Berlin,  or 

Authority  for 
Elements 

«       t        » 

0       1        ft 

«         /            IT 

»8  14  34  5 

J  70  16   17-3 

8  37  i6-3 

1865  Jan.     70  B. 

k.      Oppolzer, 

@ 

*3o  50  S+» 

148     6     3-7 

6  35  25-0 

1866  Juoe    4*0  B. 

Lowy. 

® 

100  SI  443 

296  27  34-9 

6  S«  aSl 

1856  Jan.     00  B. 

AlJe. 

@ 

1 

44  47  477 

359  11   14-9 

18  4a  148 

iS6€  Feb.  2 to  B. 

Schubert. 

® 

212    4  i6-g 

316  19     7*0 

23  J  8  jri 

1864  Jail.  23*0  B. 

Becker. 

® 

II     9  +7-g 

10  52     9*6 

7  13  4f  8 

1863  Oct.  a$-o  B. 

Holier. 

® 

131   It  197 

26  s6  S^'S 

2  Si  15^ 

i«&5  Feb.  160  B. 

Safford. 

® 

\ 

148    IQ    43-9 

80  49  44-6 

ro  36  27  J 

1866  Jhd.  23  0  G. 

Schubert 

0 . 

a  30  a7'3 

157  21  trs 

JO  22     51 

1866  May     2^  B. 

Tietjen. 

® . 

I 

3ZO    1£    14' I 

179    6  587 

IS  59  »4J 

1866  Jtdy  29s  B. 

Giinther. 

® 

L 

t%%    I  ij's 

17a  42  59*1 

'34  42  44-7 

1865  D&c  180  G. 

Farley. 

© 

K 

308  55     o's 

277  43  40S 

5  14  58^ 

1866  Aug.    4's  B.' 

Tietjen. 

® 

■' 

7    12    10-2 

'97  58  S9'^ 

3  58  54-6 

1866  Jan.    o'o  B. 

Frwuenacu 

® 

1 

122    55    zg-6 

144  41     9"9 

9  21  26-3 

1862  Man  24*0  B, 

BmliiiB, 

® 

1. 

34S     4  53 » 

44  53  "^ 

7  57  34'9 

1863  Dec,  20'o  B- 

Wolf. 

® 

w 

48  33     7*9 

2  32    r6 

7  55  4o"8 

1864  Oct     6-0  B. 

HalL 

® 

1 

34a  33  4«*6 

9    6  223 

I   56  221 

1867  Mar  29*0  W. 

SchnbiTU 

® 

3H    3  4S'o 

4  I  a  34a 

5     0    «"5 

1B59  June  170  B, 

PowftUty. 

® 

58  IS  36-1 

66  35  39-8 

13  43  47'4 

1866  Aug.  30'S  B, 

Oppolier. 

® 

15  26  27-0 

150  33  '7'« 

3     3  57"» 

1867  Jan.     00  B. 

Schubert. 

® 

\ 

109     6  254 

•87     1     7-5! 

8  28  19-2 

1 86 1  June    3*0  B., 

Celoria. 

® 

1 

341  25  28:5 

334  11  50*0 

18  15  25-6 

1865  Aug.  19-0  B. 

K.  Luther. 

© 

1 

act  49  j6-g 

355  44  497 

8  12  uS 

1867  S«pt,i2-oW. 

SchuboTt. 

® 

1 

3»  H  497 

290  32  174 

3     8  464 

1863  Not.  14*0  B. 

PoTOlky. 

®  1 

p 

48  39     J'9 

87  55  49'6 

4  47  44*6 

1866  Jan.     80  B. 

Tietjen. 

® 

loi  $€  14-8 

119  57  i6-o 

7  a4  41-0 

1858  Jan.    00  B. 

Marmann. 

® 

74  10  4*-4 

185     s  296 

6   29   28'2 

1862  July  25-0  B. 

Pawalky, 

© 

243  23     3'o 

7«  37  H"5 

»  '5  49» 

1866  Oct.   1 80  B. 

TietjVn, 

® 

34     8  291 

ji6  If  42*1 

%  11  ITS 

1865  Moy    7-0  B. 

Schmidt. 

® 

1 

140     8  46'5 

36    12    12'6 

0  48  S»*i 

1 8 64  Aug.  20'o  B. 

Krijger, 

® 

t 
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HuEi«o!  plauaU 

H 

Una  dims  a1 

from  Bun,  oif 

laEwnO-Mtf. 

■ 

® 

6341"    1 

104316 

3151151 

O'iooi7i 

•     "1 
74  »l 

EtlPHfiflSTKE  - 

® 

633SSI    1 

10* 

3't5i6Si 

0*710461 

1&4  50 

iMjiMMasrEni  - 

® 

tji'fipo 

10 

1«S^5IS 

0*1040]! 

It  37 

Fkku  •     -     ' 

(!$ 

569  OS' 

117, 

318769*  1 

0117714 

»«4S 

Crvm^     *    - 

® 

560  »7»   j 

»3H 

1-4*0519 

dlQ^tl 

tSo   ll 

Stitia-    -    - 

® 

JUFITSR      -      " 

V 

199119 

431 

5-102798 

o*o4ii|9 

ifio     t 

SATUmH      -      - 

h 

JZO-4SS 

10753  ■ 

9'538tSi 

0-055996 

14  s» 

UBurt^i    -    - 

V 

41*33 

io6g6-Sio8 

I9'i8i633 

0:046578 

18  ^«^ 

KUTVMJt   -      - 

V 

HI '406 

601167100 

30fO3697o 

O"ooa7*o 

135     «  S 

E£,fflCEHTS  OF   TQB    OHIUTa    OP   Mf^CUBT,  VlQ?US,    TUB   Ei^BtH,    Aim   UaQB. 

100,000  1' 
(From  SAic  iMtwf^ijM 


BJMK^ 

Exceotrtcltta. 

1              Lo[igltiia»  of  FeribeUoa. 

Mereurr. 

Vmni. 

EuUl 

Mart 

MefCHTf* 

Veaiu. 

E»nt, 

Hi 

4       ' 

»      . 

0       r 

• 

—  ioe,ooo 

o'tgS6 

o'O370 

0-047J 

0*1079 

*»9  37 

3x7  48 

3t6  It 

104 

—   3  0,000 

01 928 

00345 

00398 

01151 

318     1 

341  11 

4  13 

198 

^   6o,£>oo 

0  1961 

0-0381 

o'oij8 

0*1115 

34^  *6 

*ij6 

46     8 

16 

-  40,000 

O'lOOO 

o'034s 

00109 

00831 

15     4 

55  33 

18  sti 

taj 

—  iojooo 

02037 

0*0119 

o'OiSS 

0-0840 

44  n 

100  56 

44    ^ 

117 

0 

0  1056 

00069 

o'oi6S 

00931 

74  10 

1*8  43 

99  30 

331 

+   10,000 

o'losr 

0-0063 

0-0047 

o'io36 

104  31 

S7*8 

191  11 

5S 

+  40,00a 

o-ao3j 

o'ooSS 

00114 

00945 

13448 

74  49 

615 

139 

+   60,000 

01008 

00098 

o'o;99 

0-0797 

165  ti 

70  11 

64  31 

141 

+   80,000 

0  1970 

0*0179 

001R8 

00948 

¥96  u 

81  33 

lOI    38 

354 

+ 100,000 

0  1918 

00158 

00189 

0-1158 

137  JO 

117     5 

114    S 

90 

■ 

H 

■ 

I 

■ 

■ 

■ 

■ 

■ 

s 
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f     Continued. 

L<yngitttd«  of 
PKiheUon. 

Loagiwieof 
AKMsixUnc  Node. 

orarbib. 

Menu  Solar  Time  of 

;^)och  kt  Grwawlcb, 

PBrif.lWUi).or 

WMbingUM. 

Authority  for 
Klementn. 

1^ 

£3$    10  X^'X 

0                   w 

a86  4)     1*8 

3  49    o*a  1864  Feb.  12*0  B. 

Zech. 

93  42     6-6 

3T  ji  45-9 

26  27     5*0  '1867  J:tn,    CO  B. 

SchuWri. 

® 

53     7     9-9 

too     s  315 

15     8     8  6 'i860  Jao.     I'o  6. 

Adolph. 

@ 

93  13  sJii 

ail  58  fti'4 

2     1   508 

1863  July  27*0  B, 

Manuonn. 

@ 

f 

15  B  10  %6'^ 

J5«  S3  J4'8 

3  28     9-8 

t86i  Jan.     o*o  B. 

Jrit«h^. 

1 

'1 

'   "54  sr» 

98   54  20-5 

1   18  40-3 

1850  Jjin.     I'O  P. 

T     Anrales  d« 

i 

90    6  lao 

112    21    440 

2  29  zS'i 

i»                II 

rOLsfnttoire 

M 

16S  16  4S'*> 

71  14  14-4 

0  46  29-9 

H                             »1 

Imperial  tJt 

w 

47  «4  37"3 

130    6  51*61  I  46  590 

1 

Paris.           \^  II 

Tadle  T .• 

Ijctwitals   of  20,000  Ykabs,   feom  100,000  Yxuu  bifobx    a.d.  1800  to 

i 

/  Jtf.  i>  rmvr.)                                                                                                          ] 

1 

l£ngitad««  of  AicendlRff  Nod«t. 

Buocba. 

Mfrrcmy. 

Venta. 

Bartb. 

:lbn.     ' 

Hesmry. 

Venutu 

Earth. 

Vars. 

9       '      #r 

0     t     » 

q        1       1 

6     f     t 

9         r 

*       '  1   -       ' 

1     e        < 

6     5  10 

3     516 

i  4S  3' 

3  n  4S 

151  ss 

159  *•> 

96  34 

r    106    26 

—  100,000 

§  30  la 

4  5a  37 

I  18  58 

»  55  J* 

"34  43 

ii§  S7 

73  47 

54  '3 

^    80,000 
^    00,000 

7  >7  30 

4    4  10 

2  36  42 

I     1  4> 

fi6  40 

71  a9 

136  25 

163  37 

7  as  30 

0  53     8 

4    3     I 

»  46  15 

93  54  355     5 

9«   SS 

112  20 

—   40,000. 

7  S«  10 

a  i»  54 

%  44  12 

2  46  37 

69     7  118  46 

41  34 

.       87    30'  —    30,OCO   1 

7    0    6 

3  13  «« 

0    0    0 

1   51     6 

45  57     74  i* 

0     c 

48     0 

0  ( 

$  19  50 

»    8  55  »    746 

0  53  49 

22   30     JS  2S 

124  25 

3*1  ss 

+    20,000  1 

6    S  40 

<>  SS  44}  a  *7  53 

3  49  «7. 

353.  «4"3  43 

75  31 

136  »9 

+    40,000  |{ 

5  49  '0 

1  iS  3« 

0  51  51 

4  »o  49 

J17     6  124  25!  10  47 

66  s© 

+    60,000  1 

+  80,000  n 

•f  1 00,000  1 

S  33  »o 

*     5  43 

I  45  40 

1  46  II 

»77  *sj  ^  35  "7"  »S 

31a  20 

5  3S  " 

0  21  54 

3     *  57 

0  49  45 

MO  35i«75  49  »09  57 

>4S  as 

I>                                                                i 
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786.— Table  U. 

DISTANCES  OF  THE  PLANETS  FROM  THE  SUN 
AND  EARTH  IN  MILLIONS  OF  MILES. 


(7ii#  numbers  in  this  Table  can  be  read  as  mUttont  and  dedmaie  of  « 
million t  or,  by  adding  three  dphert  on  the  ri^kt  ta  meh  column  f  a» 
mUlione  and  thoueande :  for  €xampiAf  the  'mtan  distanci  of 
from  the  Sun  t#  35*392  in  ike  Tuble,  or  351I9I1O00  mUet,) 


:  HuieolFUUML 

t)iamju»tstm&on. 

llttiii  diEtano«  from  ^ilh. 

Grwtcrt. 

LH4L 

Xhh. 

CXnioactioii. 

At  Inferior 

Utacimj    -    ' 

41-669 

aS-iif 

J5'3?a 

ti6-8ii 

|6o3» 

IThkui    -    -    - 

66sU 

fiS-6Sa 

6613+ 

i57'5** 

13**96    1 

ElJlTtl    *     -     - 

9**9*3 

Sg'S97 

9^'Alo 

MiM     -    -    . 

iSrjP4 

ii6-3iS 

139-311 

130741 

47'8«i 

PU>E*      -      ^      - 

aja-SiS 

169733 

101173 

191*703 

109-843 

Abudne      -    ' 

ajSi^a 

167-698 

101445 

,   i9i*t7S 

110*015 

FSttOHlA-      -      - 

13100+ 

1  t«a'370 

loris? 

i9a'6j7 

"S757 

Hutuowu  *    - 

3i6-g5j 

157*637 

107-395 

198-715 

115865 

Helpomkke     - 

^55-577 

164*103 

109-890 

30J310 

ii8'4*o 

Satpho  -     -    - 

aSi'99+ 

i67-?o« 

109-951 

301-381 

118*51^ 

ViCToau     -    - 

46o'i38 

i66'6h 

113-416 

304^846   1 

isi-986 

EUTKHPB       -      - 

IS  1 -716 

177-396 

114-561 

305^991 

"3'i3< 

Testa     -     ■     - 

nr^h 

196-509 

115-899 

307-319 

114-469 

IT  UXIA  -      -      - 

114^639 

188-913 

116-176 

307-706 

ti4'«46 

KWfAtTilA       -      * 

3.30-611 

30 1*9!  I 

116196 

307716 

114-866 

Clio-    -    -    - 

%$7-$ti 

165*032 

ii6"457 

307"a87 

11SM7 

Ims  -    J    .    - 

i6g-539 

167*807 

118-173 

309-603 

116-743 

Mmn     -    -    - 

a45'"*« 

191199 

iiS-iio 

309"645 

116-780 

Bcso-    -    -    - 

160-063 

i77-S»9 

iiS-796 

310-116 

fi7*36« 

H^'S*? 

t9r4l7 

iiS-971 

310*401 

"7"S+* 

PHftf»A   -      -      - 

»75^33» 

163^683 

119-507 

110-937 

118*070 

BUmilia     -    - 

45194* 

188-683 

110^311 

3U-741 

118-881 

Ama-    -    .    - 
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144-iot 
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fuaOA    -       -      * 

177-471 
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,     3357*4 

151864 

1 

176^539 

113-695 

1+5-117 

336-547 

153-687 
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113986 

151-994 

344-414 

16x564 

Dafbki  -     '     - 

310^511 

I8S'«S4 

3^53*83 

344**13 

J61753 

pAlIiS    -       '      - 

3i3'99fl 

191-460 
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AOLAU    *      -      - 
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PSTCHX    -      -      - 

303*514,  i3''>'o 

167*311 

j     358-741 
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318*951    i»4-47^ 

171701 
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DUTAK     '      -      - 
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1     364^318 
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1     366317 
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Sane  o(  PlaMt. 

DiMABCO  from  fitin* 

1  HcMi  dintonoo  frDm  Barttu 

1 

GreKtML 

LMst. 

U%m. 

1^^ " — " 

'  At  Soperior 
;  Cobjoiiotion. 

1 

At  InfM^iT 
Conjunction, 
or  Oppuiiitioii. 

P^LXS       -       -       - 

J48'686 

114-980 

181-833 

373-163 

190*403 

Skvklb  -    -    - 

3+0-505^ 

224-673 

182-591 

374"0»t 

19l'i6l 

EUBOPA  -       •      - 

311174 

2S+-686 

283-430 

374-860 

192000 

Doris     -    -     - 

506*080 

26  2-506 

184293 

3757*3 

191863 

Aktiope      -    - 

327*65 

143*045 

^»S'i55 

376'S85 

I93"7a5 

Er4To    -    -    - 

334'«90 

237-598 

286M4 

377-574 

194714 

Themis  *    »    • 

320'97i 

aSJ769 

287*370 

37«-8oo 

195*940 

Htoma  -    -    - 

316-970 

259-250 

288-110 

379*540 

196-680 

KUFHSOSTKB      ' 

3S»798 

124-702 

288*250 

379-680 

196*810 

IfyKKOurxB     - 

318-626 

258-578 

18S-602 

380*031 

197-1 7*   , 

Feria    -    -    - 

367-882 

251*592 

309737 

4oi'x67 

118-307 

CTBisii  -     -    - 

150-3^ 

a75-ifi 

J  >  1738 

404-168 

121*308 

Syltia    -     -     -, 

®  -  .  .  . 

JCTPITBB  -      '      - 

498'«39 

45*745 

47  5 '691 

1     567-111 

384-161 

SiTtTUf   -      -      - 

920-973 

82  3' 301 

872137 

963567 

780-707 

Uhaxub  -     -     - 

i«3S'56i 

i67a*i77 

1753*869 

1845*99 

1662*439 

XitPTU'ini     -    - 

277ri90  2710*806 

*74S'998l 

2837-4a8 

1654*560 

A  fjcneral  inipressioti  of  the  rplfttire  raa^itudea  of  the  rMfferent 
pluuets  ifl  conveyed  to  the  uiind  by  a  simple  illustrfitiou  lirst 
ftugjfeated  by  Sir  J.  HerscheL  Suppose  we  t^e  a  globe,  two  feet 
m  diaaieter,  and  plftce  it  in  a  well -levelled  tield  or  bowliu^- 
green.  Let  this  globe  represent  the  aim.  Then  at  the  relative 
distances  of  the  planets,  Mercury  will  be  represented  by  a  ^Taiu  of 
niiL^tard  &eed;  Venuiit,  a  pea;  the  Earth,  also  a  pea;  Mai-8,  a 
rather  largo  pin's  head ;  the  min^r  planets  n^  praios  of  sand ;  Ju- 
piter, a  moderately-sized  oranju'e ;  Saturn,  n  amall  arang-e ;  Urnnu^i, 
a  full-«bed  cherry,  or  AmaU  plum ;  and  Neptnne,  a  middle-sized 
pluni.  *  As  to  fretting  correct  notions  on  this  subject  by  drawinj? 
cite  lea  on  paper,  or,  stiU  woi-^e,  from  tijose  ihiildish  toys  called 
o;Teries,  it  is  out  of  the  question.' 
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786  a, — moiiffli  elciBents  of  tbe  orbit  o€  tlie  VoT«a&b«r 

risff  Qf  iiiet©orollt«B.— Obfterrew  are  now  generftlly  of  opinion 
that  these  AppnreDtlj  wuidering  bodies  fure  reallj  nieoibere  of  our 
8olar  system,  hftyiog  an  extnineouii  or  coamicsal  origin,  and  revolving 
in  definite  orbita  ikround  the  sun.  From  the  periodic  observationft  of 
showeis  of  these  meteor-planets,  we  may  infer  that  as  the  earth  b 
punBuingita  courie  in  its  orbits  it  passes,  at  stated  intervak,  through 
or  near  rings  of  these  small  bodies,  which  od  coming  in  contact  with 
the  earth^B  atmoaphore  become  ignited,     Mr.  II.  A.  Newton,  an 
American  mathematician,  has  disctiased  in  considerable  detail  the 
ohservadona  of  remarkable  meteoric  showers,  from  which  he  ha^ 
deduced  rough  elements  of  the  meteors  cam  posing  the  November 
ring.    The  following  notei^  contain  a  few  of  his  reaultii.  I .  A  glance 
at  the  observed  dates  of  the  showers  shows  that  there  is  a  cycle  in 
about  the  third  part  of  a  century,  and  that  during  the  two  or  three 
years  at  the  end  of  each  cycle,  showers  may  be  expected.     The 
exact  length  of  the  cycle  is  33*25  years.  2.  The  time  of  a  sideremJ 
revolution  of  tbe  meteoric  group  around  the  sun  is  354-621  daya. 
3.  Each  htxiy  has  its  own  elliptic  orbit  about  the  sun,  this  orbit 
being  slightly  modified  by  the  action  of  the  rest  of  the  group.     It 
is  probable  that  all  these  ellipses  are  equal,  or  the  meteora  would 
soon  scatter  themselves  along  the  whole  circuit  of  the  ring,  and 
there  would  be  a  display  every  year,     4.  The  semi-major  axis  of 
the  fflean  of  these  orbita  is  0*95  049,  the  mean  distance  of  the  eaiDi 
being  unity.      5.    The  excentricity  is  evidently  snudl*  probably 
difiering  no  more  than  two  or  three  degrees  from  a  right  angle* 
The  riog  would  therefore  be  nearly  circular     The  inclination  of 
the  orbit  to  the  ecliptic  is  about  i  y°^     6.  The  velocity  with  which 
the  meteors  enter  the  atmosphere  in  the  opposite  direction  to  the 
earths  motion  is  about  20  miles  a  second,  giving  an  apparent 
velodty  of  nearly  40  miles  a  second,      7.   The  length  of  the 
November  group  is  supposed  to  be  about  40  milliona  of  milea. 
If  a  shower  laat  five  hours,  the  thickness  of  the  ring  would 
be  the  distance  passed  over  by  the  earth  in  that  interval  of  time 
mulriplied  by  the  sine  of  the  inclination,  or  more  than  100,000 
miles. 

The  general  observation  of  the  magnififxint  dbplay  of  meteors  on 
tbe  night  of  November  13,1 866,  will  give  data  which  will  pro- 
bably slightly  alter  the  results  obtained  by  Mr.  Newton.  At 
Greenwich  nearly  1 0,000  were  observed.  Tbe  radiant  point  from 
which  tbe  paths  of  the  meteors  appeared  to  diverge  during  this 
dirplay,  was  near  j*  Leonis,  a  small  star  between  7  ajid  1  Leonis. 
The  inclination  of  the  orbit  of  the  ring  of  raeteorl,  as  found  from 
a  diacuadoD  of  these  obeervations,  ia  about  19''. 
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The  increase  in  the  sun's  parallAz  necessitates  a  corresponding 
alteration  in  the  hitherto  adopted  value  of  the  earth's  mass.  M. 
Le  Veirier  is  known  to  be  engaged  in  its  inyestigation.  In  reply 
to  a  question  on  the  subject,  he  remarks : — *'  Maintenant  qu'on 
sait  que  Vancienne  masse  de  la  Tene  ne  peut  Stre  couserrte,  U  7  a 
k  reprendre  les  determinations  en  ne  conservant  que  le  nombre 
d'inconnues  strictement  nteessaires.  G'est  seulement  quand  j'auzsi 
fini  ce  travail,  dont  je  m'oocupe,  que  je  pourrai  yous  r^pondie." 

The  mass  adopted  in  this  work  has  been  obtained  from  the  foz^ 
mula  in  Le  Verrier*s  Solar  Tables  published  in  the  AtmaUt  d§ 
rObaervatoire  Imperial  de  Paris, 
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151  13     0 

74  M     0 

»     1  45 

1766  April 27 

0  G 

D 

5-43S 

93  19  35 

86  54  29 

I   53  43 

1743  Jan.     8 

50 

D 

5'4«9 

344  3»  »S 

^3  49  3» 

a  54  45 

1844  Sept.   » 

It  G 

D 

5-54!? 

»75  38  5* 

113  3z  49 

10  4«    4 

1858  May  30 

0  B 

D 

5-581 

ij6  £8  X4 

102  37  41 

30  57  5* 

1846  Feb,  25 

8  G 

D 

5-607 

356  17   12 

'3'  59  »7 

I  34  ^8 

1770  Aug.  13 

13  G 

D  . 

^    5'6i> 

*74  40  S> 

113  10  46 

10  42  48 

1819  July  1% 

22  G 

D 

6-380 

3*3   1  n 

148  27  16 

13  56     6 

1858  Jan.     2 

0  B 

D 

6635 

109     8  11 

245  52  29 

11  33  17 

i«5»  Sept.  28 

16  G 

D 

7*414 

49  56  55 

209  41  53 

11  22     7 

1865  Oft.     4 

oB 

D 

10-025 

49  31  55 

55  »»     0 

47  43     0 

1783  Nov.  19 

13  G 

D 

15-990 

439  49  S' 

260  11  25 

13     2  14 

1846  Jane    i 

3O 

B    ' 

.^^^^^^fl 
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792.  OlAfTiuiit  ortl>«ir  «rbltB^»Iii^.  108,  the  orbits  of 
conieta  are  brayg^ht  to  &  conimon  plaiie^  and  repreeented  rou^hJ^ 
only  in  tbeir  pMporlioiia  and  rwUtivt?  poaitiaaa,  ao  oa  to  <^](hibit  t 
the  eye  their  aeveml  ellipticitieflf  aad  the  xeUtive  direction*!  fi 
their  axes.*  Th£de  bodies  ftll  revolve  in  the  eomtnon  direction 
the  plRoeta. 

793.  Pliikii«t4U7  eliaraoter  of  tliclr  or1»lts.  —  It  is  not  nloui 
however,  in  the  direction  of  their  niotioas,  that  the  orbita  of  th 
bodies  have  an  analogy  to  those  of  the  plaiieta.  Their  inclinatioiu 
with  one  exception,  are  within  the  limita  of  those  of  the  plaj3«>tf 
Tlieir  excentricitie-ij  thouj^h  incompai-ablj  grt^ater  than  those  of  th* 
planets,  are,  as  will  pi'esently  appear,  incomparably  le«a  tbao  thoK 
of  all  other  comets  jet  discovered.  Their  mean  diHtancos  taui 
periods  ( witJb  the  exception  of  the  last  two  in  the  table)  are  wiUui 
the  limits  of  those  of  the  planetoids. 

The  compari&on  of  the  numbers  ^ven  in  Table  Yl.  with  thi 
which  are  given  in  tbe  table  of  the  elenjent^  of  other  elliptic 
comets,  and  the  comparison  of  tlie  diagrams  of  their  orbits  with 
those  of  others,  will  show  in  a  striking  manner  to  how  greiat 
extent  tbe  orbits  of  this  group  of  eomets  possess  tbe  planetarjr 
character.  Besides  moving  round  the  sun  in  the  common  dii-ection, 
their  inclinations,  with  a  single  exception,  are  within  the  limits  of 
those  of  tbe  planets.  It  is  true  that  their  excentricitioa  have  an 
order  of  magnitude  much  greater;  but  on  the  oth*?r  hand,  they  are 
iticorapftTftbly  less  than  the  excentricities  of  nil  other  peritidic 
comets  yet  discovered.  Their  mean  distances  and  periods  place 
them  in  direct  analogy  with  the  planetoids. 

Iili^derate  as  are  the  excentricities  as  compared  with  those  of 
other  comets,  tbej  are  sufficiently  great  to  impart  a  decided  oval- 
form  to  the  orbits,  and  to  produce  considerable  dilierences  between 
the  perihelion  and  aphelion  distances,  as  will  be  apparetit  by  in- 
gpecting  the  numbers  in  Table  VI.  It  appears  by  these  that 
while  the  perihelion  of  Encke's  comet  lies  within  the  orbit  of 
Mercury,  its  aphelion  lies  out^iile  the  orbit  of  the  most  remote  of 
the  planetoids,  and  not  far  within  that  of  Jupiter.  The  perihelion' 
of  Biela's  comet,  is  like  manner,  lies  between  the  orbits  of  the  earth 
and  "V'enuB,  while  ita  aphelion  lies  outside  that  of  Jupiter.  In  the 
case  of  Faye's  comet,  the  least  excentric  of  the  group*  the  perihelion 
lies  near  the  orbit  of  Mars^  and  the  aphelion  outside  that  «>f  Jupiter. 

It  must  be  Tememberetl  that  the  elliptic  form  of  these  orbita  ha^ 
only  been  verified  by  obsen'ations  on  the  successive  returns  to 
perihelion  of  the  coiaeta  of  Encke,  De  Tleo,  Brorsen,  D' Arrest, 

•  In  the  dittpram,  to  prevent  confusion,  the  orbit*  of  tlit?  tliffercut  iiometl 
art  iadivMied  by  dotted  or  broken  liaes  of  diftVreiit  kiud4 
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79  2.  Btaffrun  of  Uietr  «riiit»,— In^.  I  oS,  the  orbits  of  tlit5^ 
couieta  are  brought  to  a  common  plane,  and  represented  roughl;^ 
only  in  their  proportions  and  relative  positions,  so  as  to  exhibit  to 
the  eye  their  several  elliptidties^  and  the  relative  direction?  of 
their  axea»*  Then©  bodiea  aU  levwlve  in  the  common  direction  "'' 
the  planeta. 

793.  PlametiuT  «ti^r»oter  of  tHeir  orbits.  ^-' It  is  not  alone, 
however^  in  the  direction  of  their  motioos,  that  the  orbits  of  these 
bodies  have  an  analogy  to  those  of  the  planets.  Their  inelluatioDa, 
with  one  exception,  are  within  the  limite  of  those  of  the  planeta. 
Their  excentricitie*,  though  int'ompai'iibly  greater  than  those  of  tho 
planets,  are^  a^  will  presently  apiwar,  incomparably  less  than  those 
of  all  other  comets  yet  discovered.  Their  mean  distance,'*  nnd 
periods  (with  the  exception  of  the  last  two  in  the  table)  are  witliin 
the  limits  of  those  of  the  planetoida. 

The  compariaira  of  the  numbers  given  in  Table  VI.  with  di064» 
which  are  given  in  the  table  of  the  elements  of  other  elliptic 
cometfi;p  and  the  comparison  of  the  diagrams  of  their  orbits  with 
those  of  others,  ^dll  show  in  a  striking  manner  to  how  great  an 
extent  the  orbits  of  thij  group  of  comete  poaseas  the  plAOetary 
character.  Besides  mo\-ing  round  the  aim  in  the  common  direction, 
their  inclioationSi  with  a  single  exception,  are  within  the  limita  of 
those  of  the  planeta.  It  is  true  that  their  excentrieitioi§  have  an 
order  of  magnitude  much  greater;  but  on  tbe  other  hand,  they  nws 
incoraparably  less  than  the  excentricitie^  of  ail  other  periodic 
cometa  yet  discovered.  Their  mean  distances  and  ]>eriods  pUico 
them  in  direct  analoifzy  with  the  planetoids. 

Moderate  as  are  the  excentricities  as  compared  with  thos«  of 
otlier  comets,  they  are  tufficiently  great  to  impart  a  decide*!  oval 
form  to  the  orbits,  and  to  produce  couftidemble  dilFerences  between 
the  perihelion  and  aphelion  distances,  as  will  be  apparent  by  in- 
specting the  numbers  in  Table  VI.  It  appears  by  these  that 
while  the  perihelion  of  Encke's  comet  lies  within  the  orbit  of 
Mercim',  its  aphelion  lies  outside  the  orbit  of  the  most  remote  of 
the  planetoids,  and  not  far  within  that  of  Jupiter.  The  perihelion 
of  Biela's  comet,  iis  like  manner,  lies  between  the  orbits  of  the  etuih 
and  Venue,  while  its  aphelion  lies  outaide  that  of  Jupiter.  In  tho 
case  of  Faye's  coTuei,  the  least  excentric  of  tie  group,  the  perihelion 
lies  near  the  orbit  of  Mars,  and  the  aphelion  outside  that  of  Jupiter. 

It  must  bo  rememberetl  that  the  elliptic  form  of  these  orbits  U«« 
only  been  verified  hy  obsen'ations  on  the  successive  retiirns  to 
perihelion  of  tbe  cornels  of  Encke,  Do  Vico,  Brorsen,  D'Arrest, 


•  In  the  diagram,  to  prrcent  ^onfitsioiii,  tlip  orliiti  of  the  diffcreiU  »  orneta 
•»  iaditiUed  by  dotted  or  broken  lines  of  difTcrf^nl  kiuii^ 
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795.  9tftii«tAry  obarftot^rs  are  ae&rljr  «Afte«d  la  ttoeMi 
orMtik  —  By  comparing  tho  elements  given  in  Table  Vil.,and  tho 
fiirmd  aud  mAgiiitudes  of  the  orbits  «liowii  in  tbe  diofifnunf  with 
tho»e  of  the  ficst  group  of  elliptic  cometo  giTea  'm  Table  VI,,  and 
drawn  in  Jiff.  108,  it  will  be  perceived  that  the  plaQetary  cbarac 
tmadc9y  noticed  in  the  latter  groupsi  are  nearly  eOaced.  Fire  of 
the  six  comets  compofling  the  secood  group,  rerolve  in  the  commoa 
direction  uf  the  plaDdta;^  ^^^  this  U  the  only  planetary  character 
observable  among  them.  The  inclinations  are  no  longer  limited  to 
thtjse  of  the  planetary  orbits,  and  nmpe  from  18^  to  74''.  The 
excentrieitiea  are  iJl  ao  extreme,  that  the  arc  of  the  orbit  near 
perihelion  approximates  closely  to  the  parabolic  form,  and  finally, 
the  moat  remarkable  body  of  the  group,  tho  comet  of  Halley,  re- 
volved iu  a  direction  contrary  to  the  common  motion  of  the  planet*. 

But  this  group  of  comets  difiers  moi«  particularly  in  the  elongated 
oval  form  of  their  orbita,  from  those  of  the  planets,  aud  even  from 
those  of  the  nearer  group  of  comets.  While  their  perihelia  are  at 
distances  from  the  son  Iwetween  thoeo  of  Mars  and  Mercury,  their 
apheliA  are  from  two  to  five  hundred  millions  of  miles  outside  the 
orbit  of  Neptrme,  For  example,  the  comet  of  Hftlley  in  perihelion 
h  at  a  distanco  from  the  snn  less  than  that  of  Venua ;  but  at  its 
apheCon,  itn  distance  exceeds  that  of  Neptune  by  a  space  greater 
than  the  distance  of  Jnpiter  from  the  atm.  The  me&n'angular 
motifm  of  this  comet  is  nearly  the  aame  as  that  of  Uranus,  but  its 
angular  motion  in  perihelion  is  three  timi^  that  of  Mercury,  while 
in  aphelion  it  amounts  to  little  more  than  a  half  that  of  Neptune. 

The  correspond! og  variations  of  solar  light  and  heat,  and  of  tho 
apparent  nmgnitndo  and  motion  of  the  sun  as  seen  from  the  comet, 
moy  be  easily  inferred. 

In  comets  of  great  excentricity  and  long  pariod,  in  which  the 
elliptic  form  of  the  orbit  has  been  established,  the  periodicity  has 
not  yet  in  any  instance  been  certainly  establi^ed  by  ohservationa 
made  upon  their  successive  returns  to  perihelion ;  notwithstanding 
this,  however,  the  observations  made  upon  them  during  a  single 
perihelion  postage,  indicate  an  arc  of  their  orbit  which  exhibits  the 
elliptic  form  so  unequivocally,  as  to  supply  mathematicians  and 
comptitera  vrith  the  data  necessary  to  obtain,  with  more  or  leas 
approximation,  the  value  of  the  excentricity,  which,  combined  with 
the  perihelion  distance^  gives  the  form  and  magnitude  of  the 
comet's  orbit. 

By  calculations  conducted  in  this  manner,  and  applied  to  the 
observations  made  on  various  comets  which  have  appeared  since 
the  latter  part  of  the  seventeenth  century^  the  elliptic  orbits  of 
between  twenty  and  thirty  of  these  bodies  huve  been  computed. 
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796.— Tabus 

SYNOPSIS  OF  THE  MOTION  OF  THE  ELLIPTIC  COMETS, 

THAT  OF 

NdinrafCatiieC. 

UfuinDliitartcr 
from  Sun, 

Kxc«n- 
tflcity. 

PfHhHIon 
Duunc«. 
E«rtb'i-i. 

ApHpKoii 
DislMnci*. 

MmnDttU; 
M<»elciii. 

M 

r 

*X(l^) 

(*X(I  +  ^] 

A 

Westphftl  (i85x)  - 
Poaa  (1812)      -     - 
I>eTico(tg46)     • 
01bets(i8i5)  .    . 
Broreen  (1847) 
IMey   -    -    .    . 

16 '6200 
17-0955 
17-5386 
17*6338 
177795 
17-9875 

0*904* 
09545 
0-9544 
0-9311 
0-97x6 
0-9674 

1-2510 
0-7771 
0-6631 
IMX9 
04879 
0-5866 

31-9700 
33-4140 
34'35»o 
34-0550 
35-0710 
35-3660 

5**4 
507 
4«4 
47-9 
47-1 
4*-, 

797.  OUtrllmtloii  of  Uie   eomBtmrj  orbits  In  space. — In 

rtiviewing  the  vast  nrnai  of  data  tollwted  by  the  k!>oiirB  of  oV 
8ervera>   ancient  and   modem,   which    is   considered   aufficientljr 
tniatworthy  to   admit  of  clftfisitication,   it  is  natural  to  look  for 
eome  eridenoe  of  a  prevalent  law  in  tlio  motions  of  these  Ikodieft. 
The  ab»enoe  of  nil  Analogy  to  the  planetflry  orbita,  except  in  the 
caae  of  the  group  of  elliptic  cometa  of  short  period,  has  been  alf^ady 
iudicBted ;  hut  althoug-h  no  analogy  to  the  planetary  raotiona  uaiy 
exist,  it  does  not  follow  that  the  cometary  motiona  may  not  be 
jrovemod  by  some  laws  of  their  own,  the  nature  and  ehoracter  of' 
which  c*n  only  be  discovered  by  carefully  conducted  induction* 

798.  lt«laHT«  nomtoera  of  direct  antl  retrovnule  oometB* — 
It  has  Ibwn  i^hown  that  of  the  twenty  comets  included  in  Tabl«*9  VL 
nnd  VII.,  which  posaesa  in  the  most  marked  degree  the  plaaetajy 
character,  one  only  is  retro^ade. 

To  ascertain  whether  traces  of  the  same  law  are  diacoTerablq  18^ 
the  other  dnsses  of  comets  having  elliptic  orbits  of  long  periAHH 
parabolic  orbit«,  it  is  necessary  to  examine  the  direction  of  ^^H 
whose  orbit-B  have  been  computed.     Taking,  therefore,  203  c(^^H 
of  which  the  direction  is  a^ertained,  it  is  found  that  the  nuj^^H 
of  those  having  direct  motion  is  104  and  those  having  retro^^^l 
motion  99.    It  must  therefore^  be  concluded  that,  potwithgtapMB 
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m. 

WHOSE  MEAN  DISTANCES  ARE  NEARLY  EQUAL  TO 
URANUS. 


Period  Id 
Year*. 


67770 
70*068 
73-250 
74050 
74-970 
76680 


Longitude  of 
Perihelion. 


Longitude  of 

AkceiidSng 

Node. 


Inclination  of 
Orbit. 


43  12  16 

346  13  25 

92  18  4^ 

253  I  2 

90  34  46 

77  35  36 

149   I  56 

83  28  34 

79  12  46 

309  48  49 

304  31  32 

55  9  59 

40  58  32 

73  57  3 
?4  57  13 
44  19  55 
19  8  25 

17  45     5 


Mean  Time  of  Perihelion 
Pastagr. 


Greenwich  Mean  Time. 


1852  Oct. 
1812  Sept 

1846  March 
1 81 5  April 

1847  Sept. 
1835  Nov. 


Direc" 
tion  of 
MotioD. 


served,  no  general  trace  of  any  law  goyeming  the  direction  of 
motion  is  discoverable. 

799.  XnoUnatlon  of  tlie  orbits.—  There  aie  evident  indicationB 
of  a  tendency  of  the  planes  of  the  cometary  orbits  to  collect  round 
a  plane  vrhose  inclination  to  the  plane  of  the  ecliptic  is  45*^,  or  if  a 
cone  be  imagined  to  be  formed  having  a  semi-angle  of  45^,  and  its 
axis  at  right  angles  to  the  plane  of  t^e  ecliptic,  the  planes  of  the 
cx)metary  orbits  betray  a  tendency  to  take  ^e  position  of  tangent 
planes  to  the  surface  of  such  a  cone. 

800.  BUtrlbutlon  of  tlio  points  of  perltaoUon. — Considering 
how  much  the  visibility  of  a  comet  from  the  earth  depends  on  its 
perihelion  distance,  and  that  beyond  a  certain  limit  of  such  dis- 
tance a  comet  cannot  be  expected  to  be  seen  at  all,  it  cannot  be 
thought  that  the  law,  if  any  such  there  be,  which  governs  the  dis- 
tribution of  the  points  of  perihelion  round  the  sun,  can  be  discorered 
with  any  degree  of  certainty.  Nevertheless  it  will  not  be  without 
interest  to  show  the  distribution  of  the  points  of  perihelion  of  the 
known  comets  in  relation  to  their  distances  from  llie  sun. 

If  the  centre  of  the  sun  be  imagined  to  be  surrounded  by  spheres 
having  semi-diameters  increasing  successively  by  a  constimt  incre- 
ment of  20  millions  of  miles,  the  number  out  of  every  hundred 
known  comets  whose  perihelia  lie  between  sphere  and  sphere^  will 
be  as  follows :  — 
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KumbwofPsrilMlia. 

Within      20     millions 8*65 

Between  20  and  40 1 1 70 

40  w  60 20-30 

60  ,,  80 17*20 

80  „  100 2080 

100  „  120 865 

"o  „  140 4.55 

140  „  160 405 

160  ff   180  ......    2*00 

180  „  220  ......   1*55 

220  ,,420 0-55 

100*00 


It  is  evident  that  the  small  proportion  of  the  perihelia  which  lie 
outside  the  sphere,  whose  radius  is  1 20  millions  of  miles,  must  be 
ascribed  to  the  fact  that  comets  moving  in  such  orbits  will  mostly 
escape  observation;  but  it  may,  perhaps,  be  assumed  that  the 
comets  whose  perihelia  lie  within  a  sphere  through  the  earth's 
orbit  have  nearly  equal  chances  of  being  observed.  If  this  be 
assumed,  then  it  will  follow  that  the  numbers  of  such  comets  which 
have  been  observed  are  nearly  proportional  to  their  total  numbers, 
and  thereforo  that  the  numbers  within  this  limit  in  the  preceding 
table  do  actually  represent  approximately  the  distribution  of  the 
points  of  perihelia  round  the  sun. 

If  we  comparo  then  the  number  of  perihelia  situate  between  the 
equidistant  spheres  indicated  in  the  preceding  table  with  the  cubical 
spaces  through  which  they  aro  respectively  distributed,  we  shall 
obtain  an  approximate  estimate  of  the  dmtity  of  their  distribution 
in  relation  to  the  distances  from  the  sun.  We  have  computed  the 
following  table  with  this  view.  In  the  second  column  is  given  the 
number  of  comets  per  cent.,  whose  perihelia  are  included  between 
the  equidistant  spheres ;  in  the  third  column  the  numbers  express 
the  cubical  spaces  between  sphere  and  sphere,  the  volume  of  thu 
sphere  whose  radius  is  20  millions  of  miles,  being  the  cubical 
unit;  and  in  the  fourth  column  the  numbers  are  the  quotients  of 
those  in  the  second  divided  by  those  in  the  third,  and  therefore 
express  the  successive  densities  of  the  perihelia  between  sphere 
and  sphere. 
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o 

to 

10 

Kuinti#r  of 
FerlbrllA. 

Cubl«*l  SpaCfl. 

Di'nslltf    of 
FeriiieJU. 

865 

t 

865 

so 

t« 

40 

1170 

7 

167            1 

40 

»» 

60 

lO'JO 

19 

106 

«o 

f* 

80 

I7*ia 

37 

0-47 

80 

It 

100 

ao-go 

61 

0*34         1 

100 

p» 

110 

865 

9> 

009s 

It  is  evident  then,  that  tlie  density  of  the  penheliii  increase* 
rft])tit1y  in  approaching  the  eun.  If  the  numbers  in  the  laat  columu 
of  the  tfible  be  compared  with  the  inverse  powers  of  the  ilistance, 
it  will  be  found  that  thia  increase  of  denaitj  iamore  rapid  than  the 
inverse  diatance,  but  less  m  than  the  inveise  diatACce  aquai^* 

Bpo  a,  Sng^ceated  cdaneotlaa  b^twefru  €ikm«tfl  muA  m*' 
t«orotltoB,— The  aiicces-sful  observation  of  the  great  display  ^f 
meteors  on  the  night  of  Norember  1 3- 1 4,  1866,  has  dxawn  the 
attention  of  several  astronomere  to  the  passible  origin  of  this  class 
of  cosmical  bodies.  M,  Scbiaparelli,  of  Milan,  in  a  seriea  of  letters 
to  M.  Secchi,  haa  exhibited  several  apparent  analogies  between 
the  orbits  of  comets  aud  meteorolites,  and  he  has  considered  that 
tbia  poedble  connection  may  be  a  fair  assumption,  if  we  caa  imapine 
the  existence  of  imiteii  aystema,  in  which  an  accumulation  of  small 
bodiea  mifiht  be  congregated  around  one  or  more  nuclei  of  greater 
rongnltude. 

F]X3m  an  examination  of  M.  5chiaparelli*8  apeculatioDs,  we 
gather  that  if  a  mixed  ayattnu  of  thb  kind  were  brouifhl  near  us, 
W  the  attraction  of  the  sun,  under  the  form  of  a  parabolic  ring, 
the  parabolas  described  by  the  principal  bfxiiea  ought  to  difier  hut 
slightly  from  the  parabola  described  by  the  ring  of  the  Hmaller 
on<'a-  ThiH  i^  evident,  because  the  ring  h  formed  by  an  infinite 
number  of  parabolas  massed  together,  in  the  midst  of  which  is  the 
parabola  of  the  principal  body.  Consequently,  when  wo  find  a 
meteoric  ring,  the  elements  of  whose  orbit  are  identical  in  magni- 
tuile  and  position  with  thot^e  of  any  cornet^  we  may  naturally  infer 
that  the  comet  forma  part  of  that  ring,  and  would  be  one  of  its 
constituent  memberw. 

According  to  this  hj-pothesis,  M.  Schiaparelli  has  detennined 
the  elements  of  the  parabolic  orbit  described  in  space  by  the  ring 
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of  ineteomlitefl  of  Auguat  lo.  The  results  were  fmind  to  agree 
sensibly  with  tba  elemeDts  of  the  great  comet  of  1862,  from  the 
latest  calcuIatioD  of  M.  Oppolzer,  They  can  be  best  compared  by 
placiflg^  the  two  seta  of  elements  side  by  side  as  follows :— 


Elnmenti  of  th*  AiiirU9( 

Element  of  Cornet  11. 

r!>»g  of  AlrUKirolHM, 

i»6x. 

Pmhplion  pM&age     .        .     1866  July  33-61 

1861  Aug.  21  9 

Aflcendint;  Node  pusago    .        „    Ang.  1075 

Longitude  of  Perihelion      .        ,       343*5  jg' 

344**  41' 

LoQgitmle  of  Asctn<liaij  Xod©    .      138    16 

137    «7 

ladirmtion  of  Orbit    .         .         ,        64      3 

66    as 

Fexihelioa  diata&ce     .        .        .          09643 

09626 

Motion  retrograde. 

Motion  retrofeTade. 

From  elliptic  elements  by  M.  Stampfer,  the  period  of  the  comet 
is  found  to  be  113  years,  M.  Schiaparelli  haa  shown  fmm  records 
of  extraordinary  showers  of  meteors,  thfit  the  period  of  the  Augu:*i 
ring  does  not  differ  from  the  above  to  any  great  extent.  He 
remarks ;  '•  We  see  that  the  two  eystema  of  elementa  differ  between 
themselvci  only  by  mich  qijantitit?a  which  miig-ht  be  easily  attribiiteil 
to  a  want  of  preciifion  in  the  determination  of  the  poaitioa  of  the 
node  of  the  meteoroiiteft,  or  to  that  of  their  point  of  dxTergencc. 
I  find  even  that  in  raaking  slight  changes  in  the  co-ordinateft  of 
this  point  J  most  of  the  differeacea  almost  entirely  diaappear.  I 
bare  then  come  to  the  concl  11*3.100,  that  the  great  comet  of  1 862 
is  no  other  than  one  of  the  August  meteors,  and  it  is  probably  the 
most  considerable  of  them  all," 

1{  the  opinion  expresaod  by  M.  SchiaparelH  be  not  borne  out  by 
Bubscquent  investigationf«,  it  must  b«  acknowledged  that  the  co- 
incidence is  verj'  remarkable*  No  elementa  of  any  known  comet, 
however,  have  been  found  to  agree  with  those  of  the  November? 
ring  of  meteorolites.  It  is  aasumed  that  tbiB  group,  having  cc 
paratively  so  abort  a  period,  might  not  have  any  conaiderabW^ 
nucleus,  or  if  there  bad  been  one,  that  it  has  become  ioTisible 
to  us.  M.  I.e  Verrier  baa  ako  published  aome  remarks  on  tbi*^ 
subject,  his  hypothesis  being  somethirg  analogous  to  that  of 
Schinparelli.  He,  however<  merely  showa  the  posaibility  of  hia] 
reasoning,  without  committing  himself  to  any  positive  aaeertious.*  J 

*  Sinoo   the  publication   of  thcs«   researches,   Dr.  C.  A.   F.   Peters, 
Altona,  lias  pointed  out  the  remarkabte  fact  that  the  elements  of  the 
ol"  Comet  L    1866,  are   acarlj-  identical   with    those  t>f  the  «rbil    of  tJM^ 
Kovember  ring  uf  mcteoruUtea,  ai  computed  by  M.  SchiapoLreUi. 
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The  following  brief  abstracts  and  notes  of  some  of  the  principal 
processes  and  researches  which  have  occupied  the  attention  of  as- 
tronomers during  the  last  few  jears,  will,  in  some  cases,  give  the 
peculiarities  of  the  subject  in  fuller  detail  than  can  be  found  in 
the  preceding  pages. 

80 1.  Beaeiiptioii  and  use  of  tbe  Ctareeawieli  ebroDo- 
gvapli. — On  page  1 8,  we  have  briefly  described  the  general  me- 
thod of  observing  transits  by  eye-and-ear  with  the  transit  instru- 
ment, and  we  have  also  mentioned  that  in  many  observatories 
transits  are  now  observed  by  the  chronographic  method.  As  the 
registration  of  transits  by  the  chronograph  has  become  the  ordi- 
nary method  in  the  daily  observations  at  the  Royal  Observatory, 
and  as  the  adoption  of  the  system  becomes  every  year  more  general, 
we  believe  that  a  detailed  description  of  the  apparatus  will  be  ac- 
ceptable. It  may  be  remarked,  that  different  plans  of  construction 
have  been  used  at  different  places,  but  the  leading  principle  is 
the  same  in  all.  The  Greenwich  instrument  may  tiierefore  be 
taken  as  a  general  type  of  the  others. 

The  chronograph  consists  of  two  distinct  portions,  a  recording 
cylinder,  and  a  clock  for  driving  the  cylinder.  Since  the  flow  of 
time  is  uniform,  the  cylinder,  which  is  covered  with  paper  for  the 
reception  of  the  record,  must  also  turn  uniformly.  The  dock  (used 
solely  for  driving  the  cylinder)  is  therefore  provided  with  a  pen- 
dulum having  conical  motion.  Uniform  motion  is  thus  obtained. 
By  the  side  of  the  cylinder  two  long  screws  are  placed.  These  are 
turned  slowly  by  the  clock.  On  the  screws  a  frame  travels  carrying 
the  recording  apparatus.  This  consists  of  two  electro-magnets, 
each  of  which,  by  attracting  an  armature,  causes  a  steel  point  to 
puncture  the  paper  on  the  cylinder.  Now^  in  the  transit-dock 
means  are  provided  for  closing  a  galvanic  circuit  at  each  beat  of 
the  pendulum.  Wires  from  the  clock  pass  to  one  of  the  electro- 
magnets of  the  chronograph.  At  every  beat  of  the  pendulum  of 
the  transit-clock,  therefore,  a  galvanic  current  flows  to  the  electro- 
magnet, its  armature  is  pulled,  and  a  puncture  made  in  the  paper 
on  the  cylinder.     As  these  punctures  are  made,  the  recording 
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fimme  is  travelling  in  a  directioo  parallel  to  the  axis  of  the  ^linder, 
the  punctures  therefore  form  a  epiral  row  of  dots  from  one  end 
of  the  cylinder  to  the  other.  Once  each  minute,  no  contact  ia 
mode  by  the  transit-clock;  the  ooiisaioB  of  the  corresponding 
pnnctttre  meurks,  with  certainty,  the  commencement  of  each  minute. 
From  the  second  of  the  two  electro-mBgnets,  wires  pass  to  the 
traDsit-ciFcle,  the  altazimuth,  and  the  great  equatorial.  The  ob- 
aerrationB  made  with  the^e  three  instruments  may  therefore  be 
regietered  Bimultaneoualy.  An  ivory  key,  or  contact-piece,,  ia 
placed  on  the  eye -end  of  tho  trun§it-cifcle  and  equatorial,  and 
within  reach  of  the  observer  with  the  altazimuth.  As  the  object 
to  be  oheerved,  say  a  star,  becomee  bisected  by  each  wire  in  suo- 
cesaion,  the  observer  completes  the  circuit,  by  preadng  the  contact- 
piece,  which  caiues  correaponding  record*  to  he  made  on  the 
revolving  cyEnder  between  the  eeconda*  punctures  of  the  transit- 
clock*  This  completes  the  obaervation.  It  is  now,  however, 
necessary  to  identify  the  proper  punctures  for  each  obserration. 
Thisiis  never  performed  till  the  following  moming.  It  is  the  duty 
of  an  assistant  to  mark  the  time  correepnndiog  to  the  transit-dock 
punctures  ;  the  names  of  the  objecta  observed  on  the  preceding 
evening  are  aJso  marked  on  that  part  of  the  paper  at  which  each 
transit  is  recorded.  The  time  of  transit  over  each  wire  is  then  readf 
and  entered  into  the  transit-book,  which  is  finally  handed  over  to 
the  computer  for  the  systematic  reduction  of  the  observatians.  The 
cylinder  is  large  enough  to  contain  five  or  six  hours  of  continuous 
work.  When  the  paper  on  one  is  filled  with  punctures,  another 
is  substituted,  there  being  five  in  reserve.  ^Vfter  the  obser- 
vations have  been  read  oft*  as  described,  the  paper  is  removed 
from  the  cylinder  and  carefully  preserved  in  the  archives  of  the 
Observatory. 

The  Greenwich  chronograph  has  been  in  constant  use  since  the 
year  1854.  Among  the  great  advantages  of  the  chronogniphic 
method  of  recording  transits  are :  1.  That  the  record  is  unquestion- 
ably free  from  doubt;  as  it  is  sent  by  the  observer,  so  it  per- 
manently remains,  z.  That,  by  this  method,  the  transits  made 
with  several  instruments  are  al!  referred  to  one  clock,  thus  avoid- 
ing the  necessity  of  making  comparisons  between  the  time  as 
shown  by  different  clocks.  3,  That  greater  accuracy  Is  obtained 
over  the  old  method,  as  can  he  seen  by  reference  to  the  numbers  on 
page  19.* 

•  For  an  •ccoantof  the  comparative  accuracy  of  the  old  and  new  methods 
of  obsamng  transits,  the  reader  is  referred  to  a  paper  in  the  Monthi^ 
Notica  of  tfir  Royal  AttroHomrmI  Society,  vol,  xxiv,  p,  152,  "On  the  pro- 
bable error  of  a  meridloDat  transit  observation  by  the  ' eye  and  ear,*  and 
chrouognipliic  raethoda."    By  Edwin  Dunkln,  F.liA.S. 
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d02.  BedaetloB  •£  maridioaftl  ob««rTStlpBa« — ^In  pangraph 
2$  H  teq.  we  ha^re  briefly  described  tbe  general  oonatractioa  and 
use  of  meridional  inatnimentSy  and  have  also  explained  the  usual 
adjustments  required  before  they  can  be  used  for  astronomical  ob- 
servations. The  final  adjustments  are,  however,  fiequently  made 
about  the  time  of  observation,  and  correctiona  for  the  errors  of 
collimation,  level,  and  azimuth  of  the  transit  instrument  are  always 
applied  in  the  reductions,  as  will  be  seen  below.  As  inquiries  are 
often  made  on  this  subject,  we  consider  it  will  be  probably  useful 
to  the  amateur  computer  if  we  now  add  complete  examples  of  the 
reduction  of  an  actual  observation  of  a  star,  on  the  meridian  of 
Greenwich,  made  with  the  transit-cirde.  It  will  tend  to  clear- 
ness if  we  make  our  reduction  a  fac-simile  of  that  contained  in 
the  archives  of  the  Royal  Observatory,  beginning  with  a  transit 
observation. 


d.  h.  n. 

Approximate  SoUr  Time  . 

1864  Nov.    9  aa  50. 

NameofObject 

Arctoma. 

Approximate  N.P.D.  of  Object . 

7</>6' 

Obeenrer 

D. 

Reading  of  Transit  Micrometer 

31000. 

b.    m.    $. 

9*4 

«'5 

>5*4 

i8-3 

Tranait  over  eeparate  wires     . 

.       .    *^% 

300 

3»-9 

36-0 

14    9    388 

9)117-5 

24.6 

r!nrrM*ti(ni  to  central  win  .        .        . 

-           _    O'OC 

ObMTvedTranrit       .       .       . 

.      14    9    2411 

Collimation  Error  -3"7*  • 

-     -26 

a3-85 

Level  Error  +  io"73  . 

+     -66 

24-51 

Azimnthal  Error  -3"*69.  . 

.       .      -     14 

True  Tranait  over  Meridian 

14    9    H-37 

Clock  slow  at  o»»  Sidereal  preceding 

484 

Adopted  Losing  Bate -o»  40     . 

-    -H 

Obsxbvsd  R.A  OF  Object    . 

14    9    2897 

Star's  correction  with  sign  changed  . 

-  1-43 

0b8sbv£D  Mkak  R.A  Jak.  1, 1864 

14    9    2754 
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In  the  pppceding  ohseiration  Uie  thre«  Liutntmeotit 
ubUined  as  follows : — 

OoUimation. — The  coefficient  of  thia  error  (26)  Is  daily  det 
hj  the  obeeiTibtion  of  the  coincidence  of  the  tmnaitKajcle 
wire  with  wire*  placed  in  the  eye-end  of  two  oppoeite 
or  colUmatora,  whose  object-glaa§es  are  turned  towardfl  the  eeni 
of  the  instrument,  the  collinuitor  wiree  hsTing  been  previouslj 
■4jtiatod  on  each  other.  In  practice  it  is  usual  to  leave  the  niien>- 
metar  of  the  transit-telescope  at  some  conrement  readings  near  tn 
that  for  the  true  line  of  collimation,  the  difference  of  the  two 
lugs  being:  the  error  of  collimation.  The  numerical  correctioQ 
the  obeerrations^  in  seconds  of  time,  is 

Error  of  collimation  x  i — -_  -rw 

l5smN.P,D. 

Leeel.^The  error  of  lerel  (25)  ia  ascertained  by  the  use  of  an 
eye-piece  invented  by  M.'Bohnenbergor,  consisting  of  three  lenses 
and  a  transparent  glass  reflector,  the  surface  of  which  is  placed  at^ 
an  angle  of  45°  with  the  axis  of  the  eye-piece.    The  observation 
made  as  follows:  The  telescope  is  placed  in  a  vertical  positioa] 
with  the  oHject-glaaa  downwards,  a  trough  of  ^juicksilver  being 
directly  under  the  object-^la<w.    By  this  means  the  images  of  th»j 
central  wire  are  viewed  by  reflection  trnd  dirpct  vision  at  thesara*' 
time.    The  two  images  are  then  made  to  coincide  by  turning-  a 
micrometer  screw,  six  readings  being  generally  taken.     The  difier- 
euce  between  the  mean  of  all  the  micrometer  readings  and  thatj 
adopted  for  the  true  line  of  collimation  of  the  teleseope  is  the' 
error  of  level.      The  error    in  terms  of   micrometer -reading  is 
then  converted  into  seconds  of  arc  fnr  nm  iu  the  reductions.     The 
numerical  correction  for  each  observation  is 

C08  zenith  distance 

"Ijlin^N.Pir^ 

Azimuth. — ^The  arimuthal  error  (27)  is  obtained,  when  possible 
by  the  comparison  of  the  observations  of  eoiiwcutiv^?  transits 
Polaris  above  and  below  the  pole.     TVTien,  from  cloudy  weather, 
a  single  observation  only  of  Polaris  is  made,  the  error  is  determined 
fi?om  a  combination  of  the  observationa  of  that  fltar  and  one  situata, 
oear  the  equator.    The  method  of  reduction  is  fully  explained  inj 
the   introduction   to  the  Greenwich  Ohnerv€tiiow<,     "The  letter 
being  put  for  the  azimuthal  error;  the  time  of  true  transit  of  an] 
star  coQsista  of  an  observed  time  with  an  additional  term  multipllL^] 
by  «,  and,  therefore,  the  clock-error,  as  given  by  corapari«>n  of  thai 
transit  with  the  star's  tabular  H.  A.^  contains  a  term  roultipHed  hj 
2*     The  clock-error  given  thus  by  a  star  near  the  pole  contains 
large  multiple  of  z.    The  clock-error  given  by  a  star  far  from  thi 
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pole  oontaina  a  idiaII  multiple  of  s.  Equating  theasi  with  proper 
allowance  for  the  rate  of  dock,  s  is  found.  The  combination  of 
two  stars,  both  near  the  pole,  but  one  above  and  the  other  below 
the  pole,  is  very  favourable,  as  both  factors  of  s  are  large,  but  havn 
opposite  signs."  i  Urse  Minoris  and  Cephei  5 1  (Hev.),  whose 
difference  of  right  ascension  is  about  twelve  hours,  are,  next  to 
Polaris,  the  most  valuable  stars  for  the  determination  of  the  azi- 
muthal  error.  The  following  examples  are  given  as  illustrations 
of  both  methods  of  reduction,  the  first  being  bj  consecutive  transits 
of  Polaris. 


d.  h. 
1864.    Nov.  9  10. 
9aa. 
10  la 


Transit  of  Polaris    . 
Transit  of  Polaris  S.P. 
Transit  of  Polaris    . 


•    '  '**  3**^-11-91 
.    1  xo  3187    "90 
Mean  ■1  —  12*40 

"--"^'-^"■^ 

The  asimuthal  error  in  the  second  example  is  determined  from 
the  comparison  of  one  transit  of  Polaris  with  a  transit  of  an  equn- 
torial  star,  1  Piscium. 

d.  b. 
1864.    Nov.  8  la    Transit  of  c  Pitdam 
BJLofcPiacinm    . 


d.  h. 
8  10. 


Rata  of  clock  —  0*'4O 
Clock  slow 

Transit  of  Polaris    . 
R.A.  of  Polaris 


h.  n.       a. 

o  55  5*75 +«>< 0047 

0  55  5763 

488 
00 
4*88 -c  X  0-047 

1  10  33'96-«  XI  628 
I  10  43  09 

913 +»  xi*6i8 


,.r4»5. 
1-675 


*-54. 


The  fiictoia  used  in  these  reductions  are  printed  in  a  tabular 
form  in  the  volume  of  Oremwich  Obiervations.  The  numerical 
correction  to  the  observed  transit  is 


Azimuthal  error  x 


sin  zenith  distance  south 


i5sinN.p:i5: 

fiy  the  application  of  these  three  corrections  to  the  observed 
clock-time  of  transit,  the  true  transit  over  the  meridian,  referred  to 
the  transit-clock,  is  found.  The  apparent  right  ascension  of  tho 
object  is  then  easily  computed  by  applying  the  clock-error,  which 
is  always  determined  from  the  observations  of  special  stars,  whoso 
tabular  places  are  known  with  considerable  accuracy. 

The  following  calculation  is  for  the  corresponding  observation 
of  Arcturus  in  zenith  and  north  polar  distance. 


i^^»^««iJAA^Mto 
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d.    h,    IT 

Approximate  Solar  Titn*     . 

1864.  Nor.  9  12  5c 

Name  of  Object 

Arrtnrua. 

Afjproxhnate  RA,  of  Object 

I4h.  t 

jm. 

Wodcof  ObservttUon    .         ♦        .         . 

Direct 

Wire  at  which  observatioD  was  made  . 

4. 

Ohaerffu 

r      .,...,        . 

D. 

•  3' 

Pointer      , 

15 

Micrometer  readJDg  of  Microscope  A 

.       1*110 

B 

.  iMs 

C 

.   1171 

D 

.    fa49 

E 

.    1-401 

F 

.    ,'336 

Vmaatoted  Maan  of  Microiicopea 

3" 

16  10*1* 

FIrit  Ptrt  of  Correction  for  Bunt 

.      1*60 

Second  Puit  +0''  3.0a.  for  loo"      . 

*H 

Micrometer  Keading,  and  Equirolents  11 ' 

«5rei 

r. 

10  21*64 

"73 

•IS 

101 

Correction  for  Flexore,  aod  Errot«  of  DiTtaion 

Circle  Reading  at  Obaenration    , 

3^ 

16  57*4^ 

Zenith  Point  Correctton 

7  4^44 

Apparent  Zenith  DiBtanee  South 

. 

3"" 

34  43  93 

Refraction  (from  below)  . 

. 

.      3670 

Tme  ZeJiilb  Distance  South 

. 

31  35  «>*63 

Colaiitpdti         .... 

. 

A 

31  11 -So 

Obsbatbd  North  Polah  Dt.itakce 

* 

70 

6  4143 

Star'i  Correction  with  Sign  Cbaogc 

"1274 

Meam  N.P,D.  Jan.  1,  1864 

70^ 

6  29-6S 

From      ,  Baroraeler  and  B  (Table  i)  49 

.    -03145 

Appendix 

Thermometer  aod  T  (Table  r) 

37°'8 

.     05119 

to        H 

Z  (Table  3) 

.  147869 

Gr  OlM, 
for  1853, 

Proportion*!  Parts     . 

' 

11 

Log.  Refraction 

. 

.  i-s64£7 

Refraction 

. 

.      3670 

TUe  Zenith  Point  correction  h  determined  from  observations  of 
the  direct  and  reflected  images  of  the  horizontal  wire,  combioed 
with  those  of  the  direct  and  reOected  images  of  Btara  made  at  the 
same  tiani^it. 

803.  SlssviniEiatlaii  of  Oreeairleli  auisaji  time  from  tlie 
Ko^al  Obserratorj-p  Greenwloti.~We  hare  exhibited,  in  pam- 
^raph  80 1*  tlie  use  of  electro- inftp:iieti8m  as  an  active  agent  in 
the  interoal  daily  economy  of  the  Royal  Obsorvatnrj;  m  tbe 
preaent  we  will  endeavour  to  show  how  it  is  also  used  for  tbe 
ct^nstant  dlasemination  of  true  time  tbroughout  all  porta  of  the 
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am,  Thui  sending  of  time  signals  hu  become  nf  coodidMmbl* 
rtance,  now  that  Greenwich  time  ia  tdmrnt  eTm-wh«r»  idcipuA^ 
e  parent^  or  Donnal,  cl<ick  which  perfonuB  th«  irbol#  of  tUt 
dftilj  operatioiiL,  ia  &  ^ranic  clock  of  Shepherd's  constmctioiv  <um1 
waB  erected  in  the  Tear  1852.  Ia  conneetiou  with  it  thew  ar» 
six  others  acting  in  sympathy.  The  pemiiUum  of  the  normal 
clock  determiiies  the  time  at  which  f^Tauic  currents  shall  circulalft 
throug^hout  the  whole  ajstem  ;  thus  all  the  clocks  adranci?  togvdMt* 
beat  for  heat,  and  idl  depend  on  the  one  pendulum  of  the  noraMi 
flock.  One  of  the  ajmpftthotjc  clocks  is  placed  ia  the  external  mwXL 
nf  the  Ob^erratoiy,  another  in  tht}  chrooonieter  loorn^  two  in  til* 
computing  room,  ODe  in  the  AstronoDier  Royid'e  dweUin^btNMib 
and  one  in  the  Royal  Hospital  schot^l  the  wires  to  whkb  piM 
under  the  ground  of  Greenwich  Park.  The  nornuU  chvk  also  atnds 
galranic  currents  at  every  second  of  time,  foi*  the  purpose  of  regtt* 
fating  a  clock  at  Ixindon  Bridjre  railway  station,  as  well  as  otliutn 
in  London,  on  the  principle  patented  by  Mr.  R.  L.  Jonea.  Erviy 
morning,  it  is  the  duty  of  the  superintendent  of  the  time  depart 
ment  to  see  that  the  normd  clock  indicates  Greenwich  mean  time 
exactly f  for  which  puipose  he  makes  use  of  the  latest  available  ob- 
servationa  made  with  thetransiUcircle  (47)*  As  the  whole  fljatem 
depends  on  the  parent  clock,  acceleration  or  retardation  of  its  peodn- 
luim  accelerates  or  retanls  simultaneously  all  the  ^rmpathetic  docks. 
This  delicate  operation  is  performed  by  the  assistant  in  the  meet 
simple  manner.  A  bar  magnet  is  fixed^  vertically,  on  the  dock 
pendulum ;  underneath  a  fixed  galvanic  coil  is  placed.  If  we  wish 
to  accelerate  the  pendulum,  a  current  h  allowed  to  flow  through 
the  coil,  such  as  shall  attract  the  magnet ;  when  the  pendulimi  is 
sufficiently  aecelemted,  the  current  ia  intercepted.  By  employing 
an  opposite  current  to  repel  the  magnet^  the  clock  is  retarded. 
The  correction  to  be  made  daily  is  generally  very  inuall,  and  is  tll# 
work  of  only  a  few  minutes.  The  normal  tfock,  which  now  shows 
true  Greenwich  time,  is  ready  to  perform  its  part  in  sending  forth  its 
indications  throughout  the  length  and  breadth  of  the  bind.  The 
following  is  the  process :  A  galraaic  circuit  is  clt>ged  automadcallj 
by  the  clock  at  the  commencement  of  each  hour  exactly,  causing 
currents  to  pass  by  one  wire  to  London  Bridge  railwQT  statioo, 
and  by  another  wire  to  the  principal  office  of  the  Electric  and 
International  Telegraph  Company  in  London.  The  currents  re- 
ceived at  London  Bridge  are  distribiited  by  Mr.  Walker  to  stations 
on  the  South  Eastern  lines  of  nulway ;  for  which  purpose,  the 
dock  already  mentioned  switdhies  the  neceesary  wires  into  con- 
nection with  the  Greenwich  wire,  so  that  the  Greenwich  signnl 
ijiay  pass  on  unintenuptedly.  The  currents  received  by  the 
Hectric  and  International  Telegraph  Companj  are  distributed  bj 
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them  in  London  and  the  country.  Their  moat  important  distriba- 
tioQ  of  time  is  made  every  day,  nt  I  o  a.m,,  by  means  of  an  elabo- 
rnte  apparatus  designed  by  Mr.  C.  F.  Varley.  A  few  seconds  before 
that  hour,  a  large  number  of  vdiea  are  switched  out  of  connection 
with  their  respective  speakinor  instruments,  and  into  connection 
witk  certain  relays  on  which  the  Greenwich  current  acts.  When 
thifl  current  arrivea,  relay  cmrenta  paaa  out  simultaneously  on  all 
the  wires  then  in  connection,  mgnala  being  received  aa  far  as 
Brighton  in  the  south,  Lowestoft  in  the  east,  Cardiff  in  the  west| 
and  Glaagow  in  tbe  north,  including  the  large  towna  of  ^tancheater, 
Birminghara,  Liverpool,  &:c.  At  one  o'clock  precisely,  the  current 
from  the  normal  clock  discharges  the  Greenwich  time-ball ;  at  the 
same  time,  the  current  to  London  Bridge  passes  by  one  of  the  South 
Eaatem  Railway  wirea  to  Deal,  where  a  time-hall,  belonging  to 
the  Admiralty,  is  discharged  for  the  benefit  of  the  ahipping  in 
tbe  Downs.  The  one  o'clock  current  to  the  Electric  and  Inter- 
national Telegraph  Company  drops  their  time-ball  at  Charing 
Crosd,  and  by  relays  fires  time-gmiSj  one  at  Newcastle,  and  another 
at  Sbielda,  Galvanic  currents  are  sent  every  hour  to  the  General 
Post  Office,  and  several  of  their  clocks  report  automatically  their 
condition  to  the  Observatory.  Hourly  currents  are  al&o  sent  to  the 
Great  Westminster  Clock,  for  tbe  guidance  of  the  attendant  This 
standard  clock  of  London  aUo  reports  daily  to  Greenwich.  It  is 
nut  allowed  to  deviate  more  than  two  seconds  from  Greenwich 
time,  and  usually  ita  error  is  much  leas. 

The  system  of  distributing  hourly  time-signals  from  the  Hoyal 
Observatory  was  commenced  in  the  year  1852.  The  charge  of  this 
department  of  the  Observatory  has  been  intrusted,  by  the  Aa- 
tronomer  Royal,  to  Mr,  Ellis,  whoso  published  lecture  in  the  seventh 
volume  of  the  Svrotocfical  Journal  contains  a  full  explanation,  with 
diagrams,  of  every  iustrument  and  process  used  in  the  dlBaeiuiiiA- 
tion  of  these  time-signals. 


804..  Blfference  of  terreitriol  lonEltndea. — The  exact  form 
and  dimensions  of  the  earth  have  been  an  important  subject  of 
research  by  some  of  our  principal  astronomers,  particularly  MM. 
Beaeel,  W.  Stmve,  and  Air)'.  The  great  Russian  arc  of  pRrallwl,  pro- 
jected by  W.  Struve,  is  intended  t-o  extend  from  the  Oural  river 
eastern  Europe  to  the  island  of  Valencia,  Ireland^  This  great 
tical  achievement  is  now  nearly  concluded,  and  will  remain  aa 
ing  monument  to  the  skill  and  energy  of  that  illustrious  astmnoraer. 

To  obtain  the  measure  of  the  earth  from  an  operation  of  tlus 
kind,  it  is  necessary  t«  refer  tbe  length  of  the  are  to  some  line&l 
measure,  as  an  English  yard,  and  also  to  obtain  the  difference  of 
local  times  of  the  two  termiual  stations.    In  England,  the  tri- 
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iUigTilatioTi  of  the  country  between  Greenwich  and  the  island  of 
Vttlencift  has  heen  completed  many  years,  and  the  intermediate 
country  between  Greenwich  and  the  Oural  riTer  i*  nearly  &o ; 
the  actual  diatance  betweeQ  the  two  distant  BtAtions,  Valencia  and 
Orsk,  will  therefore  soon  be  kuown  within  Tcry  Bmall  limits.  For 
the  determination  of  the  difTerence  of  longitu^ie  between  two  places, 
many  processes  have  been  employed  {izo  ei  »eq.y  That,  however, 
which  has  hoen  lately  adopted  ia  by  the  transmission  of  galvanic 
signals,  the  local  time  of  each  being  observed  at  the  two  stations, 
in  a  similar  manner  to  that  briefly  described  in  ]  22.  In  deter- 
miniog  the  difference  of  longitude  between  Orak  and  Valencia,  it 
was  found  necessary,  on  account  of  the  great  length  of  the  arc, 
to  subdivide  it  into  sections ;  for  iDstance,  separate  determinationa 
of  longitude  were  made  between  Valencia  and  Gn-cnwich,  Green- 
wich and  Nieuport,  Nieuport  and  Bonn,  and  in  like  manner  bc-tween 
the  other  stations.  At  each  place,  temporary  observatories  were 
erected  for  the  convenience  of  the  staff  while  observing  the  galvanic 
aignfljfl  and  the  necessary  transits  of  stars  for  clock-error. 

Ab  an  illustration  of  the  extreme  accuracy  with  which  themj 
operationH  are  performed,  we  need  only  refer  to  two  determination.*^ 
of  the  longitude  of  Valencia,  made  under  the  direction  of  the 
Astronomer  Royal.  The  first  was  obtained  in  1844  by  the  re- 
peat-ed  transmlBsion  of  a  large  number  of  chronometerw,  by  railway 
and  car,  from  Greenwich  to  Valencia.  By  this  means,  the  lon- 
gitude of  the  station  on  the  hillGeokaun  was  found  to  be  41  "^z  3*- 2  3, 
in  the  summer  of  1863,  the  operation  was  repeated,  but  this 
time  by  the  transmission  of  galvanic  signals  through  the  ordinary 
telegraph  wires.  On  this  occasion,  the  observatory  was  stationed 
at  the  village  of  Knightstown,  on  the  eastern  comer  of  the  island. 
The  resulting  longitude  is  41  ""g'-S  1 ,  The  two  stations  were  after- 
wards gecsdeticAlly  connected  bv  Capt  A,  R.  Clarke,  R.1].,  the  in- 
terval of  longitude  beiufr  13'  56,  which  will  make  the  longitude 
of  the  station  on  the  hill  Geokaiin  4i™23*'37.  This  agreement 
is  very  satisfactory,  and  gives  confidence  to  botli  detenni nations. 

The  success  of  the  submersion  of  the  Atlantic  cable  in  the 
summer  of  1866,  hus  enabled  the  astronomer  to  determine  accu- 
rately the  difference  of  longitude  between  Valencia  and  Heart's 
Content,  Newfoundland,  In  October  and  November,  i  866,  this 
important  work  was  accomplished  under  the  direction  of  Dr,  Gould, 
of  Cambridge,  U.S.  This  opportunity  was  taken  for  determining 
the  longitude  of  the  station  of  the  Atlantic  telegraph  cable  at 
Foilhommerum  bay.  The  observations  were  made  in  the  usual 
manner  by  transmitting  galvanic  signals  to  and  from  the  two 
stations.  The  difference  of  longitude  between  the  two  ends  of  the 
Atlantic  cable  has  been  found  to  be  2^5i™56*'5,  and  that  between 
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Greenwich  and  Foilliommeriim,  4t*33*'2g,  The  longitude  of 
the  latter  station,  indirectly  deduced  from  the  determination  made 
in  1844,  is  4i»33»-24,  and  from  that  in  1862,  4i"33'"38. 

805.  TI16  WLOYHl  0t>s«rTator7  and  the  Atlantle  cable.— It 

is  not  out  of  pliice  to  record  here  the  iutlmate  connection  of  the 
astronomical  observers  at  Greenwich  with  the  Buccesa  of  the  At- 
lantic submarine  telegraph.  This,  at  lirst  eight,  appears  etrflnge, 
but  it  is  no  leas  true  that  the  results  of  their  nig^htly  ohwrvatiooa 
were  statedly  forwarded  to  that  active  growp  of  indidduals  assem- 
ble 00  board  the  Great  Eastern  steamship.  One  of  the  most  im- 
portant duties  performed  durinff  the  progresa  of  auhmerging  the 
cable,  waa  the  daily  determiuatioD,  by  astronomical  observations, 
of  the  exact  position  of  the  ship,  measured  by  the  co-ordinatea  of 
latitude  and  longitude.  Now,  to  obtain  the  latter^  the  best  astro- 
nomical obserrationa  would  be  of  little  aTail,  unless  true  Greenwich 
mean  solar  time  was  known  on  board.  Tbis,  in  ordinary  cases,  is 
obtained  hy  means  of  one  or  more  chronometers,  the  errors  of 
which  are  determined  with  considerable  accuracy  before  leading 
England,  by  comparison  with  some  normal  clock  kept  to  time  by 
the  observations  of  traoflita  of  stars  in  a  fixed  observatory.  As 
each  ch^mometer  has  its  own  peculiar  gaining  or  losing  daily  rate, 
true  Greenwich  time  is  found  from  day  to  day  by  the  application 
of  this  rate,  until  an  opportunity  arises  for  a  fresh  coroparison  with 
some  ohaervatory  clock.  In  ships  where  several  chronometers  are 
employed,  the  mean  result  is  sufficieutly  accurate  for  ordinnry  pur- 
poses of  seamanship.  During  the  time  of  laying  the  Atlantic  cable, 
however,  it  was  necessary  to  know  the  exact  position  of  the  ship 
with  more  than  ordinary  precirion.  Hence  the  knowledge  of  true 
Greenwich  time  became  a  matter  of  necessity.  Arrangements  were 
therefore  made  by  the  Astronomer  Royal  and  the  Telegraph  com- 
panies for  the  transmission  of  daily  signals,  at  frequent  intervals, 
from  the  Royal  Ohservatory.  In  paragraph  803  we  have  given 
a  brief  and  general  account  of  the  disaemination  of  the  Greenwich 
time-agnala  over  Great  Britain.  On  this  occasion,  the  signals 
were  sent  to  Foilhommerum,  Valencia,  through  the  ordinary  tele- 
graphic wire,  and  then  passed  through  the  whole  of  the  cable,  and 
through  the  coils  of  a  delicate  galvanometer  attached  to  the  oppo- 
site end.  On  this  instrument  the  signals  were  ohserved  almost 
instantaneously  after  leaving  Greenwich.  It  can  thus  be  seen  that 
from  the  time  of  departure  of  the  Great  Eastern  from  the  western 
coaat  of  Ireland  to  her  arrival  at  Heart's  Content,  Newfoundland, 
the  authorities  on  board  were  always  in  poaseasioa  of  Greenwich 
mean  solar  time,  determined  from  observations  made  on  the  pre- 
ceding evening  with  the  traasit-cirde  of  the  Royal  Observatory, 


PBi^^ 

^ 

^P                                      APPENDIX. 

'^^^^t^^^^^^^^^M 

H 

So6^  a«odetlca]  mea«tiremexit  df  the  Sartl].- 

-The  numbera          ^H 

contatned  in  ihe  following  table  are  frequentij  useful  in  astrono*           ^| 

mical  mvMtigations, 

G«ognphk&l 
Lrtitbde. 

Earth'*  BMiuA, 
EquAtorial  =  U 

De^nw  of  McrfdUn       Dec 
In  RngUsh  Feet.            In 

free  of  PanUW 
Bnglkh  F«et. 

O      O 

1  00000 

36274833                 : 

16518571 

5    0 

099995 

36i775'9«                 : 

[63805-29 

lO      o 

099990 

36i8s7-«S                 : 

IS9673-9* 

IS    0 

099978 

364991-74          : 

{52821-19 

xo    o 

0*99961 

363173-57           : 

143*96*36 

as     o 

0-99941 

363397-93      '      : 

j3ii68-io 

30    0 

0-99917 

363658-14           : 

J165H-49 

31  30 

099904 

363799**9 

J0SZ91-66 

35     0 

0-99891 

363946-40                  ; 

199471-60 

37  30 

0-99877 

36409836 

190080-18 

40    0 

099363 

364x54-04 

180135*01 

4i  30 

0-99848 

36441**4 

169654-19 

45     0 

0-99834 

36457177 

158657-15 

47  30 

0-99819 

36473i"4* 

147164-66 

50    0 

0-99805 

364889-96 

135197-90 

51  30 

099796 

3649»4-o6 

»*779rS4 

5a  10 

099790 

365046-ao 

t»2779'4i 

5S    0 

0-99776 

565198-93 

109931-55 

57  30 

0-99763 

36534699 

[96681  57 

60     a 

0*99750 

36s+»9*3 

183051-59 

1 

6J     0 

0*99726 

36575^*94 

154758-95 

70        0 

0-99705 

365978*97 

115270*57 

75     0 

0-99688 

366163-30 

9481170 

So    0 

0-99676 

366299-41         1 

63610-07 

«S    0 

0 99668 

366381*49 

31933-97 

90    0 

0-99666 

366410-54 

00000 '00 

1 

1 

In  the  preceding  table,  the  length  of  a  degree  of  a 
dinn  and  of  parallel  has  been  coaTerted  into  English 
numbers  published  in  the  Berliner  Juhrbuch  for  1 8 

in  arc  of  merl 

feet  fmm  th 

52,  where  th 

length  is  given  in  toise*. 

1 

1 

5c6  ASTRONOMY. 

807.  Vew  d«termliiatloii  of  tlie  8un'«  equatorial  tiorl- 
sontal  parallaji*— Tli«  uoceitAinty  wljirli  ha<l  bt^en  tlin^wu  on 
the  received  value  of  the  solar  pandlax  (8 "-5 7  76),  determined  by 
M.  Encke  from  the  transit  of  Venus  in  1769  (546),  piiacipttlly  on 
account  of  the  great  eu^picion  attached  to  the  obserrationa  of  Fatljer 
Heil,  at  Wardhue,  haa  now  been  amply  conlirtubd  by  later  inveali- 
gationa.  The  attention  of  astronomers  waa  first  drawn  to  thia  sub* 
ject  in  the  year  1854,  in  a  letter  of  M.  flanson,  of  Gtitha,  addreisaed 
tu  the  AstroDomer  Hoyal.  M.  Hansen  found,  while  investigating 
the  lunar  theory  in  connection  with  the  formation  of  his  new  tablet 
of  the  moon,  that  the  partiilactic  equation  exceeded  the  amount 
which  had  hitherto  been  iisaigned  to  it,  and  consequently  indicated 
a  greater  r&lue  of  the  solar  parallax  than  that  generally  adopted, 
M,  Le  Verrier,  in  his  researcbea  on  the  motion  of  the  eiutb  about 
the  flun,  deduced  $*'-g^  as  a  quantity  n€K::eadary  to  satisfy  the 
observationa.  He  was  al^  unable  to  reconcile  the  observed  places 
of  Venus  and  Slars  with  theory  without  making  a  similar  increase 
in  the  parallax.  Now,  the  accurate  determination  of  the  coefficient 
of  solar  parallax,  and  with  it  the  distance  in  miles  of  the  Bim 
from  the  earth,  baa  always  been  a  problem  which  aatronomera  and 
mathetuaticians  have  considered  one  of  the  noblest  of  the  science. 
For  upon  thia  knowled^  of  the  auu'a  distance  depends  every 
measure  in  astronomy  beyond  the  moon  ;  the  distance  and  dimen- 
pionri  of  the  planets ;  and  also  the  di^tancea  of  the  fixed  atorsp  or, 
at  least,  of  those  whose  parallaxes  have  been  determined* 

All  our  principal  astronomers  have  aj^reed  that  the  observations 
of  the  transit  of  Veniia  across  the  solar  disk,  are  the  best  means  of 
determining  tliia  important  problem,  and,  under  ordinary  circum- 
stances, we  might  have  been  contented  to  wait  for  the  approaching 
tranj^its  of  iS 74  and  1882,  before  attempting  to  revise  the  value 
found  from  M.  Encke's  ref^ea^ches.  The  advancemeut  of  theoretical 
astronomy,  however,  has  been  so  great  during  the  present  century, 
chiefly  by  the  use  of  the  limar  and  planetary  observations  of 
Greenwich,  that  more  than  one  astronomer,  as  stated  above, 
hnn  been  able  to  announce  decidedly  the  necessity  of  considerably 
increasing  the  hitherto  adopted  value  of  the  sun's  parallax.  In 
1 857,  the  Astronomer  Royal,  who  has  always  taken  great  interest 
in  this  problem,  and  who  has  already  drawn  up  some  preliminary 
.suggestions  for  the  observation  of  the  transit  of  Venus  in  1874  and 
1882,  recommended  a  redetermination  of  the  value  indirectly  from 
observations  on  the  planet  Mars,  The  distance  of  Mam  from  the 
earth  in  1 860  and  1862  was  about  its  nearest  pomt,  and  this  ctr- 
carostance  was,  therefore,  particularly  favourable  for  the  determi- 
nation of  its  parallax.  By  concert^  a  series  of  meridional  zenith 
distances  of  Mara  and  Deighbouriog  stars  was  consequently  observed 
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ftt  i«Teral  pljices  in  both  hemifpheres,  a  list  of  compiuisoD  stars 
ivingbeeii  spedidlj  prepared  by  Dr.  Winnecke.    These  .^tors,  with 
m  planetp  were  ■ysteraatieally  obeerved  at  Greenwich,  Fulkowa, 
'VTa^hin^Qj  Cape  of  Good  Hope,  WillianiBtown  in  Australia,  and 
at  Santin^o. 

Another  method  proposed  by  the  Astronomer  Royal,  and  con- 
aidered  by  him  to  be  auperior  to  the  observation  of  meridinnnl 
lenith  diataoces,  -n-a^  the  equatorial  ob^prradon^  at  any  eio|rle 
obeervatorVf  of  the  displacement  of  JIara  in  right  aaceosion  when 
considerably  cast  and  west  of  th*)  moridian.  Owing  to  unfavour- 
fthle  weather  at  Greenwichf  and  also  on  account  of  the  position 
of  Mara  in  the  heavens,  the  ohserrations  by  this  method  wan 
coinpanittTely  unsucceesful 

The  horixontat  solar  parallax  resulting  from  the  meridional 
ohaervatioDfl  of  Mara  and  ueighbotirinp:  stars,  haa  lieen  determined 
icdepeodently  by  Dr.  Wiunecke,  of  Pulkowa,*  and  by  Mr.  Stone, 
of  GrtHenwich.t  Dr.  Winnecke  employed  the  obaervationa  made 
at  Pnlkowa  and  the  Cape  of  Good  Hope,  while  Mr.  St-one  used 
those  made  at  Greenwich ^  the  Gape  of  Good  Hope  and  WLQiama- 
town.  The  following^  are  what  we  may  consider  the  modem 
Taluea  from  which  the  newly  adopted  sun^§  horizontal  paiallai 
has  been  obt^ed* 

Hansen  (Moon's  Parallactic  Equation)  .  .  8"^i6 

Le  Vem'er  (Solar  Tables)      ,         .        *  .  8  '950 

Winnecke  (Oppoiit ion  of  Mars,  iSGiJI^    ,  .  8-964 

Stoop  (Oppomtion  or  Mara,  ]S6a)  .        .  .  8*943 

From  a  combination  of  the  Wasbinglion  and  Santiago  observations, 
the  late  Captain  Glllisa  also  obtained  a  value  considerably  in  excess 
of  that  of  Eucke.  * 

The  preceding  ©Tidencc  having  beeu  considered  sufficiently  eon- 
clufiive  aa  to  the  necessity  of  a  constderable  increase  to  the  former 
idflpted  value,  ^*^S77^t  Mr,  Airy  and  M.  Le  Verrier  definittdy 
fixed  upon  8''-94.  as  the  most  probable  anpular  value  of  theearth'a 
semi-diameter  a»  viewed  from  the  sim.  In  all  celestial  distancea 
in  milea  given  in  thia  voUime,  we  have  used  this  value  as  the 
basis  of  our  calculation. 

The  diminution  in  the  sun's  distance  from  the  earth  of  nearly 
four  millions  of  milefl,  may,  at  firsf  sight,  appear  to  some  aa  a  flaw 
in  aatronomical  science.  Such,  however,  is  not  the  fact,  if  we 
consider  how  minute  the  correction  is  on  which  the  above  change 
depends.  In  the  words  of  the  Council  of  the  Royal  Astro- 
nomical Society,  we  may  say  that  **  thia  correction,  amounting  ta 

•  Attronmnische  yftchrichlen.  No.  1409. 

f  Memoin  o/tke  Ro^ai  Aftronomkat  ij^KCM/jr,  vol,  xxiui. 
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no  more  than  two-fiftlia  of  b  second  of  «tc,  thus  curiously  brought 
to  light  m  the  fiist  instance  by  small  distujrbancea  in  the  motion 
of  the  mooQ  imd  planetfl,  may  reasonably  iDspire  astronomers  with 
additional  confidence  (if  that  were  needed)  in  the  exactness  of  their 
science,  and  in  the  hxednefis  of  the  laws  which  bind  the  co9moe 
together.  And  if,  on  the  other  hand,  a  contrary  misgiving'  is 
created  in  other  minds  from  the  fact  that  thia  abrupt  alteration  of 
BO  important  an  element  as  the  solar  parallax  implies  an  alteration 
of  some  four  millionfl  of  miles  in  the  sun's  reputed  distance  from 
our  earth,  thia  misgiving  may  perhaps  be  removed  by  the  coO' 
eideration  that,  after  aD,  this  improvement  of  our  knowledge 
amounts  to  no  more  than  a  correction  to  an  obBerred  angle  re- 
presented by  the  apparent  breadth  of  a  human  hair  viewed  at  a 
distance  of  about  itl  feet^' 

80S.  Teleaooiilo  app«iuuo«e  of  the  aol&r  «iiH)Loe.^ — The 

conjectures  occasionally  put  f^irth  in  eludiiatiou  of  eokr  physics, 
have  cjiused  great  attention  to  be  giTen  of  late  years  to  the  appear- 
ance of  the  solar  disk.  First  and  foremost  amongst  the  workers 
in  thia  branch  of  astronomy,  the  name  of  Mr.  Cmrington  comes  to 
our  mind,  as  the  author  of  a  valimble  Beriea  of  solar  observations 
carried  on  with  the  most  perfect  regularity.  At  page  165  <<  seq. 
of  this  volume,  we  have  briefly  explained  the  generally  received 
theory  of  the  cau&e  of  solar  spots,  and  have  also  shown  that  their 
number  in  different  years  is  both  variable  and  irregular,  the  solar 
surface  being  sometimea  completely  divested  of  them,  while  at 
other  times  the  spots  are  spread  over  in  certain  parts  in  great  pro- 
fusion. We  have  also  stated  that  they  are  inTariably  confined  to 
two  modwately  broad  zonea  parallel  to  the  solar  equator,  the  two 
sEonea  being  separated  by  a  space  several  degrees  in  breadth. 
Glancing  at  the  numerous  illustrations  in  Mr.  Carrington's  volume, 
the  reader  is  at  once  struck  with  the  pictorial  confirmation  of  this 
phenomenon  being  generally  confined  to  limited  portiona  of  the 
sun's  disk.  Mr.  Carriugton  has  investigated  the  possibility  of  the 
varying  number  of  solar  apots  being  connected  with  the  influence 
of  the  pknet  Jupiter,  whose  changing  distance  might,  in  aouie 
measure,  determine  their  numbers.  He  has  also  continued  hva  ob- 
aervations  through  a  whole  period  of  the  maximum  and  minimum 
frequency  of  the  spots,  which  he  discussed  with  the  object  of  dis- 
covering any  laws  to  which  they  may  be  subject.  Mr.  De  La  Hue, 
assisted  by  JfM.  Stewart  and  Loewy,  haa  also  devoted  much  time 
to  the  regis trfttion  and  observation  of  solar  spots.  The  following 
are  a  few  of  the  conclusiooa  to  which  theae  observers  have  arrived* 
"  »t  The  umbra  of  a  spot  is  nearer  the  sim*s  centre  than  its  pen- 
umbra,  or,  in  other  words,  it  is  at  a  lower  level.    2.  Solar  foculsB, 
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And  probablj  al^o  the  wliole  photospbere,  consist  of  suUd  or  liquid 
Imdios  <^  greater  or  leu  magnitude,  either  alowlj  sinking  or  bus- 
fended  m  €egmiibrio  in  a  giieooB  medium.  5.  A  spot  includiQg^ 
both,  umbra  and  penumbra  is  a  pheDomenon  which  takes  place 
beneath  the  level  of  the  photogphere/'  *  We  da  not  doubt  that, 
by  the  continuoua  aystematic  observations  aod  refiearcbes  of  these 
aatronomera^  most  importaut  additions  will  be  made  to  our  know- 
ledge of  the  physical  compoaition  of  the  surface  of  the  aim, 

809.  Vftsmjtb'a  'wlllo«r>leftTe«. — That  every  portion  of  the 
aokr  disk  should  be  covered  by  innumerable  bright  particles  of 
definite  form,  of  a  few  seconds  of  apace  in  length,  and  a  fraction  of 
a  second  in  breadth,  is  a  revelation  which  the  moat  aeutfl  observer 
of  solar  phenomena  bad  never  dreamt  of.  We  are  indebted  to 
Mr,  Nasrayth  for  this  important  discovery.  From  hia  observations 
we  gather,  that  it  appeared  to  him  that  these  particles  bad  no 
definite  or  symmetrical  arrangement  in  the  mamier  in  which  they 
were  scattered  over  the  sun ;  on  the  contrnry,  they  seemed  to  lie 
Acron  each  other  in  every  poaaihie  direction,  Mr.  Nasmyth 
obeerres :  "These  filaments  appear  well  defined  at  the  edges  of  the 
ImauDOUS  surface  when  it  overhanga  the  peoumbm,  as  also  in  the 
details  of  the  penumbra  itself,  and  most  especially  are  they  seen 
clearly  defined  in  the  details  of  '  the  bridges/  as  I  term  those 
bright  streaks  which  are  so  frequently  seen  stretching  across  from 
aide  to  side  over  the  dark  part  of  the  spot/ 

This  remarltftble  observation  of  Mr.  Nasmyth  has  been  confirmed 
by  several  of  our  principal  astronomers  who  have  the  command  of 
powerful  instruments.  There  are,  however,  some  observers  of  high 
reputation  who  have  not  yet  been  able  to  detect  these  minute  solar 
parUcleB;^  and  who  are  inclined  to  consider  them  to  be  simply  the 
irregularities  which  give  that  granular  appearance  to  the  isurfiice  of 
the  sun,  which  haa  been  gen<irally  observed  for  many  years  past, 
even  with  moderately-sized  telescopes.  For  ourselves,  we  havo 
seen  these  bright  particles  with  the  great  equatorial  of  the  lioval 
Observatory,  with  a  definition  so  dear,  that  no  doubt  remains 
on  our  mind  of  the  accuracy  of  this  remarkable  diflcoveiy  of 
Mr.  Kasmyth. 

From  the  similarity  in  form  of  these  bright  solar  particles  to 
leaves  of  the  willow-tree,  Mr»  Xaamyth  has  diatinguished  them  by 
the  name  of  willow -leaves.  Mr,  Stone„  who  has  observed  them 
with  the  Greenwich  great  equatorial^  has  likened  them  to  rice- 
grains.  Difterent  observ*jrs  have  suggested  other  names  as  being 
more  appropriate ;  but  it  is  the  opinion  of  astronomers  in  general, 

"  Eetearchft  on  Solar  Phytict,  by  Warren  De  La  Roe,  Balfour  Stewart, 
and  Denjttmio  Lo«wr,    First  «ri*i. 
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that  these  extraordiDEirj  particles  of  tlie  solar  photospKere  ougbl 
henceforth  to  he  identified  solely  hy  the  name  given  by  the  dis- 
coverer ;  a  name  in  reality  sufficiently  accurate,  although  to  some 
eyes  the  form  of  a  willow-leaf  does  not  represent  literally  the 
appearance  of  thcs«  solar  fragments. 

Ataong  other  ob«erveT8  who  have  devoted  particular  attention 
to  aolor  pheoonjeoa,  we  may  mention  the  names  of  the  Kev.  F. 
Howlett,  Dr.  Selwjni,  Professor  Phillips,  M.  Chacomoc,  and  M- 
Faye,  some  of  whom  have  deduced  very  interesting;  conclusiona ; 
for  instance,  >L  Chacomac  has  published  ^ome  valuable  remarks 
in  the  Com/ytes  MetxdM  relative  to  the  variable  lunainosity  and 
reflective  power  of  varioua  portiona  of  the  solar  photosphere,  and 
to  the  BuccGsaive  envelopes  which  are  supposed  to  enclose  the 
centre  of  our  Byatem, 


810,  nrew  €liart  or  the  Moon. — The  importance  of  an  accu- 
mte  delineation  of  the  lunar  surface,  on  a  large  &cale,  has  been 
acknowledged  for  iiome  time^  particularly  as  many  omissions  have 
been  found  in  the  chart  of  Beer  and  Madler,  A  new  one  ia  there- 
fore in  course  of  couatructionj  under  the  general  superintendence  of 
R  committee  of  the  British  Association,  the  actual  work  beings 
under  the  special  charge  of  Mr.  W.  R.  Birt.  Mr.  Birt  is  avail- 
ing- himeelf  of  the  laboura  of  previous  eelenograpbers,  esperially 
LohmiRnn,  Beer  and  Miidler,  and  alao  of  an  excellent  photograph 
taken  by  Mr,  De  La  Rue  immediiitely  after  the  lunar  eclipse  of 
the  4th  Oct4)ber,  1 865.  Every  object  on  the  lunar  surface  will,  in 
all  probability,  find  a  place  in  this  new  chart,  the  scale  of  which  is 
100  inches  to  the  moon's  diameter.  When  completed,  this  gigantic 
map  will  alTord  to  the  student  of  lunar  phenomena  the  best  means  of 
acq^uiiing  a  knowledge  of  the  physical  aspect  of  the  moon'a  surface. 

8 1 1 .  Irrepalar  profier  motion  of  Slrliis  and  Yrooj-oii.^ — 

Some  Tery  interesting  papers  on  the  proper  motion  of  Sirius  and 
Procyon  have  been  conimunicated  to  the  Royal  Astronomical 
Society,  by  Messrs.  Auwers,  Main,  Sadbrd,  and  0.  Struve.  The 
apparent  variability  of  the  proper  motion  of  these  stars  had,  for 
Borae  time,  attracted  the  attention  of  the  practical  aatronnmer. 
With  respect  to  Biriu8»  M.  Calendrelli,  of  Rome,  asserted  in  18 5 7, 
that  this  variability  arn.«  from  errors  in  the  composition  of  the 
G«^enwich  catalofriies  of  stars,  and  not  from  any  peculiar  motion 
of  the  star  itself.  Mr,  Main  has,  however,  clearly  shown  that 
M,  Calendrelli  was  himself  in  error,  and  he  ha*  also  proved  that 
the  apparent  discordances  in  question  had  not  their  origin  in  any 
error  of  observation  or  reduction  \  *'  but  that  it  depended  upon  a 
real  fluctuation^  most  important  and  mteresting^  which  will  render 
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the  motioTi  of  this  star  a  Berious  subject  for  stadj  during  tiia 
remainder  of  tine  pieBeut  ceutury,"  Wo  are  indebted  to  MM. 
Auwers  and  S afford  for  complete  inveetigationB  of  the  supposed 
orbit  of  Siriui,  on  the  assumption  that  the  irregiilftrities  in  the 
proper  motion  are  produced  by  the  perturbutionj?  of  a  dark  distufb- 
ing  body,  Some  excitement  waa  therefore  made  by  the  announce- 
ment of  the  discovery  of  a  companion  to  SiriuF,  on  the  31st  of 
JaQoary,  1862,  by  Mr.  A  Wan  Clark,  of  Boaton,  U.  S.  The  angular 
poflitiaa  and  distance  of  the  companion  with  respect  to  Siriua,  aa 
observed  by  M.  Otto  Struve,  are  aa  foOowa : — 

Yeast.  PoiitioD.  Di^Usceu 

186311  tz'S'^  10' 15 

1864-11  76*10  10*92 

1865-ao  7715  lo-fio 

1866*11  7515  io'93 

The  researches  of  M.  Anwera  on  the  orbital  motion  of  Sinus 
reqtiire,  in  three  years*  an  increase  of  the  distance  of  the  disturbing 
body  of  o"*55,  and  a  diminution  of  the  po^^ition  angle  of  5^*3 1. 
These  numbers  i^ree  so  closely  with  those  deduced  by  M.  Struve 
from  his  micrometric^  measures,  that  it  can  scarcely  be  doubted 
that  the  small  object  discovered  by  Mr.  Alvan  Clark  is  really 
the  cause  of  the  irregularities  in  the  proper  motion  of  Sirius.  The 
magnitude  of  this  companion  is  excessively  minute,  commonly  it  is 
recorded  as  the  ninth  or  tenth,  ao  that  only  on  the  moat  favourable 
occasions,  and  then  with  first-class  teleacopes,  is  there  any  pos- 
sibility of  its  being  seen. 

Mr.  Newcomb,  of  Washington ^  has  also  discussed  the  position 
obeerrationa  of  the  companion  to  Siriui,  and  has  come  to  the  con« 
elusion  that  this  optically  minute  object  is  truly  a  satellite  of  that 
brilliant  star.  He  is  also  of  opinion  that  the  observed  irregulari- 
tiea  in  the  proper  motion  of  Sinus,  aro  caused  by  the  perturbing 
influence  of  this  satellite  on  its  primary. 

812.  SKoTexDeot  of  the  ifilar  Byatem  la  apaee* — On  page 
416,  Tve  have  given  a  brief  abstract  of  the  investigations  (.n  this 
subject  by  different  a^tTonomera,  and  we  have  ahown  the  remark- 
able  agreement  existing  between  the  result*,  with  respect  to  the 
position  of  the  apex  of  solar  motion »  From  this  we  might  infer, 
that  its  velocity  and  direction  are  as  accurately  known  as  any  other 
of  the  celestial  movements.  But  this  ia  not  thu  case,  for  it  must 
be  home  in  mind  that  many  of  the  proper  motiona  by  which  the 
results  are  obtained,  are  not  altogether  certain,  and  that  the  pro- 
blem itself  has  still  some  speculatifpn  mixed  up  with  it.  How- 
ever, thi^  agreement  between  the  independent  determinations  of 
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differunt  astronomera,  m  reUtion  to  the  point  in  the  heaTena  to 
which  the  direction  of  sol&r  motion  ia  assipnedj  hfta  been  gpoitirally 
accepted  tts  sufficient  evideoce  for  the  settlement  of  the  poaition  of 
this  point  within  a  reasMinable  limit.  Most  astronomera  have 
followed  similar  niethoda  of  investigation,  until  Mr,  Airy*  in  1859^ 
devised  a  new  plan  of  compiitation,  from  a  convictiou  of  the  in- 
adequacy and  defects  of  the  methods  hitherto  in  use.*  It  ia  out 
of  place  here  to  enter  into  any  detailed  account  of  this  new  method 
of  Mr.  Airy,  because  we  could  scarcely  do  bo  without  giving  aU 
the  mathematical  formultc.  Tho  g-onerul  principle  of  the  method^ 
however^  consista  merely  in  removinj^  the  primary  geometricttl 
notions  from  the  apparent  movementd  on  the  aurfuce  of  a  globe  to 
the  real  movements  of  the  bodies  in  space.  This  ia  performed  by 
treating  th&  linear  movements  of  the  sun  and  of  each  »tar  by  the 
ufio  of  rectangular  co-ordiun tea.  The  advantages  resulting  from  the 
adoption  of  this  method  are :  I.  That  it  is  perfectly  c5omplete  and 
independent^  requiriQg  no  assumption  of  a  point  detenuinsd  by 
preceding  investigatious.  2.  It  gives  the  proper  weight  to  each 
observation,  subject  to  the  consideration  as  to  the  general  weight- 
multiplier  to  he  attached  to  any  class  of  stars  defined  by  brilliancy 
or  other  characteriatic,  which  may  enable  ua  to  judge  of  their 
distance.  Mr.  Airy  £rst  applied  this  method  to  1 1 3  stars  whose 
proper  motions  are  large,  arranging  them  into  groups  according  to 
magnitude^  in  conformity  with  the  researches  of  W.  Struve^  whose 
assumed  relative  diatances  were  also  adopted.  From  the  most 
probable  of  two  assumptions,  Mr.  Airy  found  the  right  ai*Geneion 
of  the  apex  of  solar  motion  to  be  261°  29',  the  noith  polar  distance 
65**!  6',  and  the  velocity  of  solar  motion  i^-gi  2,  This  large  velo- 
city depends  principally  on  the  excessive  proper  motions  of  a  few 
of  the  stars.  In  undertaMng  this  preliminary  investigation,  Mr. 
Airy  expressed  a  wish  that  it  should  be  considered  only  as  a 
specimen  of  the  application  of  a  now  method,  which  he  hoped 
would  be  applied  to  a  larger  numher  of  etnrp. 

The  continuation  of  this  investigation  was  at  one©  commenced 
at  the  Rojal  Observatory,  and  in  1863,  a  second  paper  wa^  pre- 
pared by  Mr.  Dunkin,  at  tho  request  of  the  Astronomer  Royal  .f 
On  this  occasion,  the  proper  motions  of  1,167  stars  were  em- 
ployed, 8 1 9  of  which  are  situate  in  the  northern,  and  348  in  tho 
southem  hemisphere.  As  in  the  former  paper,  the  investigation 
was  made  on  two  hypotbef^ea  : — hrst,  by  supposing  that  the  irregu- 
larities of  proper  motion  are  entirely  due  to  chance-error  of  obser- 
vatiou;  and  secondj*  that  they  are  due  solely  to  a  peculiar  motion 

•  Memoirt  of  the  Hojfal  A$lranomic(U  Socittg,  VoL  xxviii. 
t  Ibid,  voi  xxxii. 
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of  the  stars  themselves.    From  the  first  of  these  hypotheeeSj  the 
following  reaulta  have  been  obtained  : — 

B.  A.  of  wolmr  apex  »  261^  14' 
•  ».  p.  Ur    „       „    =  57      5 

Annad  velocity  dmlta  moiiofl=o"'3j;46, 

The  results  on  the  second  and  more  probable  h^potheeifl  are  M 

follows : — 

E,  A,  of  solar  apex  =265°  44' 

Ji.  p,  n.    „        „    =  65      o 

Annual  velocity  of  aoUr  motion =o"*4i 03. 

It  will  b«  ohaerved,  from  the  precedrng  numbers,  that  the  an- 
nual telodty  of  eoluT  motionj  or  the  angular  displacement  of  tb© 
E\m  «fl  viewed  from  a  star  of  tho  first  magaitude,  differs  buteligbtly 
from  that  determined  from  the  researches  of  M.  Otto  Stmve 
^o"-3  392).  The  mean  of  the  three  valuea  gives  o"'36 1 4*  Now, 
if  we  assume  this  to  be  the  probable  amount  of  the  proper  motion 
of  the  solar  system  in  space,  and  that  the  average  parallax  of  a 
star  of  the  first  magnitude  is  o^zog,  we  ahall  find,  by  comparing 
the  annual  solar  motion  with  the  radius  of  the  earth's  orbit,  that 
it  amounts  to  I'jzt^  of  such  unitSj  or,  in  round  numbers,  158 
millions  of  milea. 

Thus  far  it  will  be  seen  that  the  direction  of  solar  motion  given 
by  these  two  investigations  agreei*  generally  with  that  found  by 
former  astronomers,,  and  therefore,  primd  faciei  the  result  may  be 
considered  satisfactory.  If,  then,  these  proper  motions  depend  in  a 
preat  measure  on  a  proper  motion  of  the  sun,  we  might  exi^ct  to 
iind  that  if  we  take  the  sums  of  the  squares  of  the  residua  uncor- 
rected for  solar  motion,  and  again  when  corrected,  the  sums  of  the 
latter  would  be  considerably  diminished.  The  following  k  the 
recult  of  this  comparison  : — 

c         *  -#«  ^       ■    «      11  1     f Uncorrected =78"758t 

Sam  of  aquam  of  Motion  laPimllel    |     Corrected  «  75 -5831 
„         ,  f^  ..'      X  f  Uncorrected  =  63  -2668 

SumofiqoareiofMotionlaif.p.D,     |     Corrected  -  60 -9084 

The  small  diminution  in  the  corrected  numbers  is  very  curious, 
and  it  shows  that  our  fundamental  suppositions  must  rest,  to  some 
extent,  on  a  slender  basb;  and  the  results,  notwithstanding  the 
general  agroement  in  the  position  of  the  eolar  apex,  warrant  the 
question  whether  we  have  much  ground  to  infer  that  the  proper 
motions  of  the  stars  are  produced  principally  by  the  motion  of  the 
itun  and  its  system  in  space.  It  may  be,  and  probably  such  an 
inference  is  partially  true,  that  these  apparent  motions  in  the  posi- 
tions of  the  stars  &tq  rather  due  to  &ome  compound  effect,  reaiilting 
from  causes  some  of  which  have  y*A  to  be  discovered.  Again,  we 
may  remark  that  the  grounds  upon  which  we  have  been  working 
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sre  imcertitm  to  a  cooaiderable  extent,  wbich  iincertamtf  will 
Bcarc«Iy  be  removed  until  otir  knowledf^  of  the  dist&ncefl  of  the 
Btare  is  increased,  or  until  the  proper  motions  themselves  are  re- 
determined from  unexceptionalite  ob^ervationa  made  at  both  epochs 
with  the  improved  instrumenta  of  modern  times, 

ReforriBg  to  the  small  diminutioo  in  the  sums  of  the  aquarea  in 
Mr,  Donkin's  corrected  numbers^  Sir  John  Ilerachel  observes: 
**  No  one  need  be  aurprisedat  t/ut.  If  the  sua  move  in  space,  why 
notabo  the  stars  ?  and  if  so,  it  would  be  manifestly  absuid  to  expect 
that  any  movement  could  be  assigned  to  the  sun  by  any  system 
of  calcolation  which  sh^mld  account  for  more  than  a  very  small 
portion  of  the  totality  of  the  observed  displacementa.  But  what 
is  indeed  ast^mishing  in  the  whole  affair,  ia,  that  among  all  this 
chaotic  heap  of  miscellaneous  movement,  among  all  this  drift  of 
coamical  atoms,  of  the  lawa  of  whoso  motions  wo  know  absolutely 
nothing,  it  should  be  possible  to  place  the  finger  on  on©  small 
position  of  the  sum  total,  to  all  ftppearonce  undi«tinguishably  miied 
up  with  the  reat,  and  to  declare  with  full  astsuranco  that  this  par- 
ticular portion  of  the  whole  ia  due  to  the  proper  motion  of  our  own 
system ,"  * 

813.  Ob»er7fttloii«  of  ttie  ipeott^  of  Stan  Umi  nebn1».^ — 

Some  very  important  observations  of  the  spectra  of  the  tixed 
stars  and  nebuli©  have  been  made  during  the  Inst  few  years, 
in  this  countrj',  principally  by  Mr.  Hujjrgina  and  Dr.  W»  A-  Miller. 
A  aeries  of  observfttions  haa  also  been  made  ivt  the  Royal  Ob- 
servatory, by  Mr.  Carpenter,  in  which  the  dark  lines  of  the  steller 
spectra  have  beta  micro  metrically  measured  in  reference  to  the 
principal  fixed  lines  of  the  solar  spectrum.f  In  comparing  the  lines 
of  the  stellar  spectra  with  tliose  of  certain  chemical  elements, 
Mr.  Huggins  and  Dr.  Miller  have  found  several  remarkable  co- 
incidences occur.  For  example,  in  the  spectrum  of  Aldebaran,  co- 
incidences with  nine  of  tho  elementar)*  bodies  were  obsened,  viz. 
sodium,  magneMum,  hydrogen,  calcium,  iron,  bismuth,  tellurium^ 
antimony,  aud  mercury.  In  Siriua  and  a  Orionia,  five  caaea  of 
coincidence  were  found.  The*?  comparisons  have  been  made  on  a 
number  of  other  stars,  in  somu  of  which  corresponding  Itnefa  have 
been  observed,  whereas  in  other  cases  no  lines  coincident  with  those 
of  any  known  chemical  element  have  been  noticed. 

Mr.  Huggioa  hua  also  aualyfied  the  light  of  several  nebultc  and 
cluateis.  These  objects  give  either  a  continuous  spectrum,  analogous 

•   OutUnes  of  Astronomif^  eighth  e<litir>n,  p.  ja^^ 

t  Fornn  explanation  of  the  Ppectroscapu  and  of  the  methcMl  of  obMrring 
Frauohofer's  lines  of  the  solar  epectruii).  thv  reader  it  referrvd  to  Lftrduer** 
McLHdbook  of  Natural  Fkihrnphtf^ — Optics,  p.  J 45. 
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to  the  upectra  of  tHe  eun  and  stars,  or  n  spectrum  consieting^  of  one, 
two,  or  three  bright  lines,  indk-atiag  the  gftseous  nature  of  their 
COmpositioQ.  It  has  been  found  that  when  the  light  of  a  nebula 
k  disperied  by  the  priam,  the  continuous  apectruni  is  very  faint, 
iU  liiii^bt  being  of  all  refnmgibilities.  In  con»equenco  of  this, 
obaervera  have  not  jet  been  able  to  discover  whether  it  is  croaaed 
by  dark  lines  or  not.  Mr.  Ilug^na'  paper  contains  a  list  of  six 
of  the  anmll  planetary  nebulte,  id  which  the  spectrum  of  three 
bright  linea  i&  visible.  The  Dumb-bell  nebula  (733,  Plate  XXXL., 
Jig.  3),  and  one  in  Lyrn  gire  a  eimilar  spectrum,  Mr.  Huggin* 
obserTes  that,  **  since  the  light  from  these  nebulnB  emanates  from 
a  gaseous  source^  we  h&ve  on  explanation  of  the  email  intensity 
of  their  light :  ncd,  it  may  be,  also  to  aome  extent  of  the  strange 
nppearanceH  which  some  of  them  present,  for  on  account  of  the 
absorptioQ  by  the  portions  of  gaa  nearest  to  us  of  the  light  from 
the  gas  behind  them,  there  would  be  preaented  to  ua  little  more 
than  a  luminous  eitrface,"  The  grt'&t  nwbula  in  Orion  (736)  also 
beloDgs  to  this  class  of  gaseous  bodieaj  as  shown  by  its  spectrum 
of  three  bright  linea. 

Witii  respect  to  the  probable  relation  of  the  gaeeous  nebulae  to 
the  other  nebulEB  and  clustera^  Mr.  Huggins  cousiders  that  a  more 
intense  heat  may  be  indicated  by  the  superior  intensity  of  the 
light  of  the  gaj?©ou;a  nebuljD.  It  is  possible,  therefore,  that  of  all 
the  objects  usually  included  among  the  aebuhp,  those  which  give 
a  gowous  spectnim  are,  as  a  class,  to  be  considenjd  as  generating 
more  beat  than  those  giving  a  continuous  spectrum. 

Since  the  celebrated  reaearches  of  MM.  Kirchhoff  and  Bunsea 
on  the  coincidences  of  the  dork  lines  of  the  solar  spectrum  with 
those  of  certain  chemical  elements,  no  foreign  aatronoraer  bus 
devoted  more  consideration  to  spectrum  analysis  than  JI.  Secchi  of 
Rome.  From  his  obaerrations,  we  gather  that  the  spectrum  of 
a  lierculjs  presents  to  the  eye  an  appearance  of  a  series  of  fluted 
columns.  The  striking  contrast  between  the  luminous  and  the 
dark  portions  produces  a  Tomarkable  stereoscopic  ellect.  The 
columns  are  again  refjolved  into  liner  lines.  One  line  coincides 
with  Fraunhoter's  line  D  of  the  solar  spectrum  j  two  others,  one 
of  which  is  larger  and  double,  with  the  magnesium  line.  The 
spectrum  of  p  PtTsei  resembles  that  of  a  Ilerculis.  M.  Secchi  haa 
formed  the  following  concluaioos  as  the  rei'ult  of  his  iuTestigationa 
ao  far.  I.  The  type  of  the  white,  or  bluish  stars,  like  Sirius  and 
a  Lyne,  is  marked  by  a  bro»id  baud  near  the  place  of  the  line  p, 
and  another  Qt  the  beginning  of  the  violet  end  of  the  spectrum. 
Occasionally  a  third  bond,  with  very  line  lines,  is  viaible  in  the 
spectra  of  the  brightest  stars  of  this  type  near  the  extreme  end  of 
the  violet.     2.  Spectra  with  large  bonds,  as  in  a  Ononis,  Aotarea, 
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&c.,  ftod  stare  genertUj  of  a  red  or  omngetint;  these  are  often 
conibanded  with  the  next  claaa.  Aldebaran  comes  between  the  two 
cl&»sea.  3.  The  type  of  our  aim,  compriaiiijT  Capellm,  Arctuma, 
PoUui^  &c.  Their  spectra  ia  covered  with  fine  lines,  and  direct 
moaflurement  has  shown  that  they  occupy  the  place  of  the  prin- 
cipal lines  of  the  sular  epectrnin,  An  aot^easoiy  tj'pe  ia  that  of  the 
consteUation  Orion,  in  which  all  the  etari  have  Terr  aimiliur  spectra, 
characterieed  by  a  gref^aish  tint,  and  in  which  the  lino  p  ia  very 
thin,  M.  Secchi  remarks  that  "  each  type  prevails  in  one  region 
of  the  heavens ;  the  green  in  Orion,  the  yellow  in  Cetusj  the  blue 
in  the  Pleiades,  Ursa  Major,  Corona  Borealia^  &c,,  while  the  dis- 
tinct type  represented  by  a  Lyree  includes  nearly  half  of  the  stars 
which  I  have  submitted  to  spectrum  analysis.'^ 

The  apectrum  of  y  CasBiopeice,  as  observed  by  M.  Secchi,  exhibita 
an  appearance  very  different. from  that  of  any  other  star  of  a  similar 
colotir.  For  example,  in  the  great  majority  of  white  stars,  the 
line  F  ia  very  clear  and  broad,  as  in  the  spectra  of  a  Lyras,  8iiitie, 
&C.  Instead,  therefore,  of  this  ordinary  dark  line  in  the  spectrum 
of  y  Cassiopeia?,  there  ia  in  ita  place  a  very  fine  lnmifnju^  line 
which  ia  considerably  more  brilliant  than  any  other  portion  of  the 
spectrum.  By  the  aid  of  a  micrometer  this  bright  line  waa  found 
to  coincide  exactlt/  with  the  portion  of  the  line  p.  It  is  premature 
to  decide  whether  this  peciiliar  spectrum  is  only  a  type  of  many 
others,  or  whether  ij  is  an  isolated  example  of  a  star  with  a  phyaieal 
constitution  different  from  that  of  its  neighbours.  Further  obser- 
vations mil  probably  settle  this  point  when  the  light  of  most  of 
the  visible  stars  has  been  systematically  analysed.  At  present, 
however,  it  is  certainly  unique  in  its  character,  excepting  that  the 
luminous  line  makes  this  spectrum  something  analogous  to  that  of 
the  remarkable  variable  star  in  Corona  Borealis,  a  brief  de.^icription 
of  which  we  have  given  in  the  next  paiagmpb  (814).  There  ia, 
however,  this  difference  in  tho  spectra  of  these  two  stars,  tkat 
whereas  the  bright  line  in  that  of  7  CassiopeiEe  has  only  been 
satisfactorily  observed  by  one  astronomer,  the  peculiar  spectrum 
of  the  variable  in  Corona  Boreal  is  has  been  seen  and  the  position 
of  the  bright  lines  measured,  with  respect  to  the  corresponding 
dark  lines  of  the  solar  spectrum,  by  several  observers  iu  difierent 
countries. 

Thb  new  branch  of  astronomy  offers  a  wide  field  for  reflection, 
as  it  tends  to  increase  our  knowledge  of  the  original  composition 
of  the  numerous  objects  scattered  over  the  heavens.  It  is,  however, 
yet  in  its  infancy ;  hut  we  doubt  not,  that,  by  tho  energy-  of  those 
who  have  taken  up  this  interesting  department  of  our  science,  we 
shall,  year  by  year,  add  fresh  materials  to  our  store,  the  full 
advantage  of  which  will  be  reaped  at  a  future  time. 
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814.  ItdmarkAlile  Bpectnim  of  a  9tmr  In  Ooranm  Borcftlf** 

— This  extraordinary  object  euddenly  appeared  as  a  star  of  tlie 
lecoDd  ma^'Tiitiide,  on  the  12th  of  Mjiiy,  1866,  uear  t  CoroQie. 
Several  o^erverd  noticed  it  iudependently  both  in  Europe  and 
AmericA.  ltd  biighttieafl  begun  to  diminish  from  the  duy  of  dis» 
00 very,  decTeasiag  at  the  average  rate  of  lialf  a  magnitude  per 
day.  By  the  second  week  in  June,  the  star  woa  only  of  the  ninth 
magnitude.  It  hm  been  ideatilied  with  an  object  observed  by 
M.  Argelander,  of  Bonn,  and  is  catalogued  aa  Na  2765,  zod64-26% 
in  bis  Bomier  Siemverzeichiist  aa  of  the  9I  magDitude. 

Mr.  Huggina  was  the  first  to  o1>aerTQ  the  epectrum  of  thia  star. 
He  found  it  of  the  moat  remarkable  cbaiacter,  unlike  that  of  any 
celeatial  body  which  he  bad  hitherto  examined.  When  view^ 
with  the  spectroacope,  ita  light  wea  found  to  be  compound,  emana- 
ting from  two  different  sources.  "Each  light  form&  its  uwu 
spectrum.  In  the  instrument  these  spectra  appear  superposed. 
The  principal  spectrum  b  andogous  to  the  sun,  and  is  evidently 
formeil  by  the  light  of  an  incandescent  solid  or  liquid  phiotosphere, 
which  hoa  aulFered  absorption  by  the  vapours  of  an  envelope  cooler 
than  itself.  The  second  epectrura  consists  of  a  few  bright  lines* 
which  indicate  that  the  light  by  which  it  is  formed  was  emitted 
by  matter  in  the  state  of  luminous  gas."  ♦ 

The  double  epectriim  of  thi^  star  has  been  observed  at  different 
observatories,  confimiing  completely  the  observations  of  Mr. 
Huggina.  Many  eTcplanations  or  speculations  have  been  given  na 
to  the  origin  of  this  apparently  sudden  outburst;  but  before  any 
definite  opinion  can  be  settledf  we  must  wait  for  further  obeerva- 
tiona.  Possibly  the  star  may  really  be  one  of  the  class  of  variables, 
with  a  regular,  but  unknown,  period  of  maximum  and  minimum 
brightneaa.  In  the  autumn  of  1 866,  its  magnitude  had  again  in- 
oreafied  to  between  the  seventh  and  eighth.  From  observations 
made  with  the  Qreeowich  transit-circle,  ita  mean  place  in  the 
heavens  for  Januaiy  1,  1866^  is: 

a.  X.  K.  p.  D. 

b    m      0  Q     I      » 

15  5 J  53*8  63  41  51  9 

8 1 5.  Otttalocne  of  Vsuiftblo  Stars, — The  following  list  of 
variable,  or  periodic,  Btara  haa  been  compiled  from  the  most  recent 
observations,  more  especially,  however,  from  the  catalogue  pub- 
lished by  Dr.  Schonfeld,  of  Mannheim.t  It  will  be  at  once  seen 
that  the  table  is  more  complete  than  that  contained  in  paragrRph 
6H7.  The  right  ascensiona  and  north  polar  distances  are  given 
for  the  epoch  1870. 

•  Procttdingt  nfih*  Royiul  Si>ciety,  vol.  XV.  No.  84- 

\  Ctituiog  von  verciHtierUehen  Sternen^  mU  £iH$tklu»»  der  ntmx  Sttrne.    1S66. 
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Diumal  rotation  of  the  earth,  too;  diur- 
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407 ;  »«>tjiT  wtipltc  liimti,  JTT  ;  apfirap 
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bDcdadui.,  449 :  iti  dLttanc«  and  period, 
4SO 

r  ncie.  coniPt  of,  571  i  valiif  of  folar  pAraJ- 
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Her*rhi-f.  Sir  William,  liilescope,  44;  ob- 
MTVAtioni  of   VfRu*.  119 :    of  ^«tarn 
ry  of    Or 


4JS;  hi*  dtUMDVery  o»   Uranuj,  458;  of 
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vrliicitf,  ]8}  ;  na  sensible 
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a4>mmit  and  ti»bI  dUmrtrrs,  187;  re- 
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|^■(et<,  C,   A.   K^  d»rf#rwi»fi*iiKin  rtf  ttM 
pttnltav  of  QaMl  tura,  171  ;  emm^t  dia- 

C-  U.  f^nnwst  planHa  dlacOT^fnt 

rhiiaae.oriiK>  Hi.  in  .  of  a  plMt«l.  itt ;  of 

Veeui  ♦.  t$4- 

PlMcee,  ; 

PmimK  »  <  r«a  by,  |«7. 

IMfOtt,  cwmt  dh«ro**red  bx<  m* 
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PlKHrtMrT  daUi  7J9. 

PUnrto^dt,  or  Tninor  pUort*.  |^;  «!•«• 
rov«rry  of  Or*-*,  567  ,  of  Poilju.  j68  ; 
Olbrrf*  hyputhpilt  of  m.  fractured  plii- 
iH'i.  i(t^\  dticorer)-  of  Jun«,  170  i  of 
Vpkta,  J7I  ;  of  thi<  ntlipr  minor  planrU, 
17*  ;  >i«-rrfa»c  In  bri|chti)r»«  of  twCfa. 
■i«e  ftrnupt  nf,  17; ;  duplicate  di»- 
covrri(-4. 174  ;  ArranKt-in«nt  lorconttnu- 
oui  obftiTLitimi  of,  ^7j;  xeal  i»r  dlwo- 
*rr#riAr.)i76  ;  ttiuCual  relAtiniK  tn^Wfcn 
(h«orUlU  ott  ma  \  farc«  cK  gravity  on, 
178. 

PlftDeCi,  prvmary  and  trcondat^,  tA^  i 
p\miMHATf  rooilont.  i£6 ;  Interior  and  »u. 
|»»ri(»r.  ^  ;  |MMind»,  zj6fg  ^  *jrnodic  mo- 
lion,  i6q;  gftHPiitrlc  and  hellocrnlric 
motion*.  170;  eloiifAlioti,  171;  ranjuuc- 
lion,  17]^  ofipocUkon.  Z74}  qii4draturf», 
*fS  i  *yuodic  pi?rioil,  176 ;  nifrrior  and 
tuprrioT  eonjunctioti.  177  j  direct  »nd 
retroftrndc  aotioo^  17S  ;  fUibie  In  ab- 
MDcc  of  tun,  179  i  rooruing  and  neninf 
•tar.  aSo :  apt'<^riuic>?  01  superior,  at 
VATioua  eloiiFBliuDi,  aXi  i  pb.a.'t,  zli- 
p«rilMlioa.  apbelion,  mran  dblance.  28]  • 
niMi|<DraiKl  miaor  »«•>»  nnd  fiCfiUricUy^ 
a]U;apkidei,ai>oinA  y,  185,  pldircufp*!!. 
hviivn,  1S6;  Itich nation  nf  orblti,  doUm, 
S^;  codiac,  S94;  10  dctrrmhie  rvalLdla- 
materaaiid  roliimrt.  395  ;  10  di!tfrinln«» 
ffiuac*,  Z96 ',  of  Mart.  £^  ^  of  Veau*  and 
Mercury.  199 ;  of  the  moon,  joo  ;  cIjuai- 
ftcalJoD  in  itroupt,  jci6. 

FoiTMNi.  discovery  of  aloor  pUiwU  by, 
IT** 

PcMnl«>r*.  ito. 

Pnlnt».  cardiitAl,  95  j  cqulOQxial,  117. 

Prdar  dt»iar>ce.  41. 

PolO'StAT,  »& 

l*o4jliyniiita,  ijt,  7SC.  786.. 

Fomona,  j7i,  iff,  Tifi. 

Pont,  onmcf  dt^uvrrnl  br.  $96. 61  f. 

Prfcrttion  of  thr  «)uiinoKn.  174. 

Fhmtr.rt-rttcal  intlrunsent,  4i ;  prime  ter- 

Ucal.  fH- 
PrlmiBs  of  tha  tkl«a.  us- 
PropuT  mF>tioii,of  jtar»,7a|;  of  itm,  7091 

Pro*rrpiii-,  jjt,  785,  jtA. 

Pirche.  171.  7*j,  786. 

Pulkora.   prlmo-vrrllcal  initrunirBt    at, 

Pyraoiidt,  r«ai«Tkafaie  diT«nM4ifto«  coo* 
iMctad  taUb*  i«^ 


Quadi«turr^i7f. 


«. 


Badiatinc  *tr«dk»  on  tnooo,**  ttirtkcv.  itft. 
Kate  arartrofkomleal  <4oek,  u. 
Kart>M»ar.2« 


■  Lard  ltou«.4f. 

■  KvfrarlVon,  alnKMtilwr^    l(»;    Uv   of. 

■  fSi  ;  MUAiuiry  of,  154 ;  noun  of  cable* 
m  or.    15$;   afltd  oci  objecu  rlaiftg    aud 

■  iwttiait    15711   effect  u*  baro<n«i«*  oa. 

■  IS*  i  «  tbcfflkniMtnr,  t$9 :  oval  fbmn  of 

■  rf«ik«efaim«idBoaacKBiaiBadbr>i6i; 
^^^^  «aKt<lttM«lceltpMa,si|. 


Rdcf).  oheerratlxn  of  Carertdfih**  tuotfi- 
ment  bv.  80  ;  of  tbedrccantofabody  ta 
the  TAtih  bj,  IC4. 

RrlroierAde  motion.  178,  7*j. 

Knc-N.  449  i  III  diiUDcv  and  perlodt4Stx 

Right  a»ci*nftla«,  ^I. 

Kinsa  of  Satitrti,  42^ 

hot>tn(*r,  uhKrtiitiuij  of  Jopiter**  featelthea 
br.  541. 

Mnftie,  E.irl  of,  tp]e»f*npct  of.  4;  ;  obaervit- 
lian*  iif  moon,  tm  of  cjiuiicri  and 
n«-tHjla*,  7JJ  rt  leq, 

Hotalkin,  oi  planfi*  generally,  ytH.  .See 
thr  S  -paratt  Planet*. 

Hvy»\  Ob*ervainry,  traiiilt  cfrele  m.  47; 
aliarimuth  at,  49;  pre«i  equatnrijil  ^tt* 
$t  f  cliroaojirjiphat.lkM  ;  diMiitiitieitii>i« 
uf  mrnn  ikme  front,  mo)  :  tinnr-*iKi)ali 
ieni  thfrru^th  AtUntic  c^u^e  fn>m,  ioi. 

Ruu«lU  cbart  of  annul  by ,  Ut. 

S. 

SAffbrd,  ideatlAcation  of  Fennla  by.  fp. : 
oil  orbkt*  of  SiriiiJ  aiid  rur- 


cyoo  bftSiT^ 
Saatlnt,  detHnninatioa  oftbc  anaaaof  i«*- 

plter  by,  411. 
Sappho.  171. 7«5.7«6 
Satellite".  ui  th-terinltie  BtaMCi  of.  fO$. 

See    £arM.  Juprter,  Sviwrm^  Vramu, 

ytptUtUt  PtiUUtM. 

Saturn,  4J5;  SAiurnian  lyvtem,  iA.;  pMiaA, 
416:  ditt-otr.  4r7;  ofbir.  41I  ;  orhMal 
VtoUon,  449;  no  pitwen,  4J<»',  »(.*ti«n* 
am)  rettogreuioot,  411  -.  a|iv>are»t  am 
real  dl«tAeter,42.t;  relative Bi<*gfi»titd^of. 
and  eartti,  4^^  ;  diitrnal  rutaiimi,  414. 
IncliKaiion  of  axia  to  ortM,  41$  ;  daya 
atid  Digbt*.  year,  4^ ;  belta  ano  atno- 
tph«r<<,4i7;  tolar  light  and  beat.  41I} 
rinn,  4x9  ;  poaition  of  nodet  of  ringaod 
hic.lnatKMi  ti»  eclii  tir.4)0;  apparatil  and 
r«4l  dtmeniitto*  of  ring*.  4JT  ;  Uikcknni 
of  Tm|t»,  4}£:  Schmidrt  otiaerTaiton 
and  drawingt  of.  4)4  \  Uerscbek't  oba«- 
taliOD*,  4}$t  kappo»rd  multiplicity  of 
ring*.4|:6;  riiigpfkibablr  tri|ite,  ob*erv*>^ 
tloiif  of  Ljutell  and  flawe*.  4)7;  re- 
•earch«^  of  BeMe*.  4jB ,  obaciMv  nrng, 
4j^ ;  drairing  of.  and  riag*.  m  iftsi.4«3; 
|ftaH»iriinic*,44J;  »tabtlitjof  riiig9v4Hi^: 
rotation  of  r*ag«,  444;  ccceuuwky  of 
rinpi,  445 :  uitrlUl«t*,  447 ;  tbeir  44*- 
cotery.  449:  tbetrdUtaivc«fand  pcfloda, 
4$o  i  elongation*  and  relatrve 
4J1;  pK4i.rt4ncijpp««r«nc<e»i  " 
45£;  maj(nilude«,  45  j  ;  rotation  oa  1 
aB.af,  455 ;  mu*  of  aaiuni,40 ;  < 

Bcbalialllint  ka  attraerioo  meoMred,  j^ 
ScbtaparcUi,  diKovary  of   Hc»peri»  t>r. 


Scrtmidt,  obterratkiDi    and 

Satuna  by,  414. 
S€»irmmt,  ob«enatkma«r  Venoa  by*  |y^ 
Sebttbcrt,  McBilieaMon  of  UwUam  by,  (73. 
Sehwbe,  u^ai  lalioiu  al  apota  oa  >«■  |«y, 

$eftr|«,  dlarorerj  of  Pawlarm  h»»  J71. 

Seaaona.  ui^ 

Srcrbi,  oOaerrrtioM  of  the  aolar  cdipaa  at 

it6o  bj,  $14;    oi  tpvctra  of  Mata  fef^ 

(ij. 
Secund  oCi  carth'i  rarfacr.  iangtk  of,  60^ 
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SldweM  clock  iiidlcMte*  right  A«cen*ion,  ]l.  | 

Sidereal  Umt,  9a  141. 

Siilflr«al  year,  J76  j  of  planetc  gtneriAln. 

hti,  uae  of.  10. 
KIrtut,  co'T»panloii  ilur  of,  in, 
Mmyth  and  Maclear,  drawlpgt  of  Hi^llejr'i 

comet  by,  641 . 
Sol»r  Kllp«f4,  joo. 
Solir  ffravJiiitJ^nn,  771. 
itolar  fa«ti:  and  tij^^hi.  78$.    S««  Ptan*ti> 

flkm. 
Solar  motion,  diroction  of,  711,  f  ri ;  t#- 

iocltj  of,  7M^  811;  prubablB  centra  of, 

SoUr  paratlav.  RncJie*»  *»]ue,  546,  B07 ; 
ll«v  detertniniition  or.  807. 

Solar  «r item.  t6j  ^  ritOlcuklin  prMented 
by  t6l  i  arrHtiKKinent  of  bodie*  com- 
potlDg  tbe,3&]  «  (I'Unct],  s(S4;  claulflcji- 
I  ion  of  plaiieU,  jxA, 

Snidtice,  I  ja 

Spectra  of  kUn  mnd  ni>liu)»,  fit  j.  $14. 

Sphere, 'Cel^ttidil,  motion  i>i,  g^ 

S[)tjfratci4l  far  in  cif  earth,  6yu 

SpaU  nxt  Iht!  tun,  %ig  i  came  of.  140:  mar 
not  be  blark,  141;  vartablti  iln  number. 
141 1  pT^JiH  general  If  in  two  p^ralkl 
lune»»Z44;  oh*prir8ii#in  n)  Cufiorci,  14^  ; 
ol  pMiorir.  14*,  147 ;  of  Sir  J-  HefMihfll, 
2411  ;  of  ScljWiitw,  150. 

Sprmn  tides,  11;. 

Star,  pole,  S6  ;  momitng  and  eirentn^,  iSo, 
j}1  i  n\nfnlAr  t1«tlHii(]r  of.  aflvr  com. 
mfncement oTnrirultatioTt.jji ',  >uf |tv<tnl 
Mpplicatinn  or  luiiar  ci-cculiHticia*  to  re^ 
■olte  doublf  tlarj,  j^t. 

Start  {flxsd),  nbt^icc  uf  ten«lb1e  parallax 
of,  16S ;  HcTKlerioii**  diico»pry  iif  partil  - 
las  or  a  Cecttauri.  170;  p.vTallax  ol  afew 
rtan  aacertaltted,  17J  ;  oriirr*  of  ntabnl' 
tude,  6n  ;  absence  of  dii.k  proved,  66| ; 
meannng  of  the  tenn  nin^Jtude  *t  ap- 
plied to,  664 »  r]«*«Hicatiwri  by  iDn^ni" 
tude*  arbitritry,  6G6;  llli?rtcb«ri  atlro- 
metcr,  66%  r  CMtnp;irativfl  luttTe  of  a 
Ceutanri,  wkh  ruEl  intioii,  670;  romp^- 
rltc>t!i  n(  tUt!  hithni'lc  iplctitiour  of  lun 
iiind  lined  ilur.67i;Lardiii'r'iafttromeifr, 
674;  MiTonietrlc  tab>e  of  190  pFincipalt 
675  ;  Uie  ol  t«]l<»«cflpe  id  stellar  ot>i«nra- 
tiiMPiit,  676  ;  te]ietco|«ic  itart,  67^ ;  •lellar 
nomeocaature  679^  uieof  poi uteri,  Ago ; 
of  lUr  inapi,  6lii  .  ufrt^leiLial  ilijl>t',6ai; 
pmptt  moiioii  «r»  708  i  eOi-L-t  of  »uij'* 
■  uppoird  motNin  on  afipiir«ntH,pla.rrs  nf, 
710:  motion  'Ofiun  iiilerrtnl  fruni  proper 
motfoit  01^711. 

Stan  (peritjclic,  leropormrj,  and  miHtlplp), 
(A{  ;  f  ariable,  6B5  :  t4ble  of  perli»dir, 
6B7:  tritiporarj.  689;  mUiloy,  691; 
double.  691;  mewrchei  of  S(r  W;  und 
Sir  J.  llerjuhel.  d^i  ;  Strure'a  clztith- 
catian  of  daubif.&jilS.  aeln-lion  urdE}ubi(> 
697  i  Cdloqreil  double,  698  .  triple  and 
multiple  6g$  I  ai tempt*  to  ifuc«*er  ib" 
fnutdltx  by  dtnjbli?  ttnri,  700 1  obterva- 
tiont  at  Sir  W.  Herirbei.  ?oi  i  exten^ 
alon  of  law  nf  giraintation  to.  703  ;  orbit 
of  itar  around  ktar,  704;  rrrnarkubk' 
CAM!  of  y  VIrifmlf ,  705  ;  magrnitudet  of 
•tf*lLi.r  orb* ti.  707. 

Stellar   cbiiiert   and   nebulat,   7*1^    See 


SlelNr  nomeiKlaturr.  67^ 

StelUr  itnNerte,  x. 

Steijhan.  dJ»cof  erf  of  taiaor  pLanetJ  b;, 
J71- 

Httme,  retearche*  on  lotar  piirallax  bf .  807. 

Btruve,  O.,  rnearctiet  on  mavvtmrni  ot 
solar  i)-itein  iti  ipare,  711  :  otMervHttoni 
of  compAnlon  nf  Siriui.  Hir. 

StruTe^  W.,  rpftparcb  on  parallax  of  fixed 
lUrt,  T71  .  dimeniioni  of  rlng»  of  S-tium, 
4p  ;  drawing  of  KLnckv"^*  comet,  617  ;  of 
HallejV  comet,  Bi^ftieq. ;  clatailii-atwn 
ol  double  itar»  bj,  696. 

Sun,  dLitmce,  145^-,  u%mI  fnrm  of  dUk 
near  rlilnifivid  lettiiig,  t6i :  eW»n  of  w« 
tractlon  on  tidei,  lU;  apiuirentand  reiil 
magnitude,  1^4 ;  surface  Hiid  Tolu^np, 
i}6;  ranaa  an4  denritj.  X37 ;  fLirm  and 
rotatloD.  ijS  i  ipolt.ijo:  Atmii«phere«, 
141  ;  obterratioiii  bjr  f^apocci  34;  ;  bf 
PatLorlf.  146,  147;  t»r  Sir  J.  Hertchel, 
£411  i  by  SchwatMi,  150  1  C0Rtiti|r  of,  151 ; 
leit  propoaed  by  Ara^o,  tjj ;  rayi  calo' 
rlAc^lf^;  probable  cauie  of  toUr  beat, 
2/10  ;  duiance  detpr mined  br  trartiii  o-f 
Vrout,  $46;  camiiarlaon  tti  lu»tre  of. 
with  f'jH  moon.  671  ;  of  light  wtih  a 
Centaiiri,  671;  at  Jntrlnalc  cpt^ndour  of, 
and  Hxrti  tUtf,  67]  ;  not  a  Ax^i  c«'tiire, 
709 ;  effect  uf  iuppofed  uiotiuii  on  plnces 
of  Llie  <tara.7io;  TpJociiy  of  folar  tno- 
tion,  7ta  i  probable  crntre  of  laUr  mo. 
tioiij  71J1 ;  Na»m]rtli'a  willow-JiCavct  oa^ 
8091 

Superficial  giravlty.  769, 

Superior  planet,  apftri^ent  motion  of,  j^*  ; 
u  projccied  on  tlir  ecliptic^  784. 

Surface,  turmula  for  curnputatlun  of,  759  ; 
of  ptaneis  genrriilly,  787. 

Sylvia,  ^71. 

8krQ<Mlic  tnatioQ.  £69;  period,  276. 

djrnopUcai  tabli*  of  tLc  principal  «<leTDf>n(» 
of  the  pltinrtHry  «pleni,  jtfi  for  Mer- 
tury,  Ve«u*.  the  li<*rlh,  nud  Mart,  for 
tnterrota  of  10,1100  >cari.  785  a. 

T. 
Tail  ofeoineta^  63,3. 
Tetegraphic  uniL'-iignali,  Sd} ;    through 

Atlafitk  eablr,  S05. 
T^-lricope,  9.    ti;  UM  9t,  In  ttellar  ub' 

•ervatio  t«.  67*. 
Temppi.dUcovfryormlnorpJarpuby,  J7I, 
TcfnporarT    trari,    teen    by   Jlmjvurrhti*, 

6H9{  by  Tycbo  firulie,689i  b>  Mr.  flmd, 

690. 
TiT|»kbore.  171,  7BJ,  786. 
'XVrrntTial  equator,  pole*,  and  meridJmi , 

no. 
THrr^siriaJ  loiiyitudei.  obierved  dlffere<iice 

of.  804. 
Ttthrt,  449  ;  Its  distance  and  perfod,  450. 
Tbaik,  J71  785.  786. 
Thprnii,  171;  m.iss  of  Jupit<*r  from  oh- 

scrraifoui  of,  411;   eliimeota  of  oibu, 

At.TSj.  7«6. 
Thermometer,  rSisct  of  reading  af«  00  re> 

Irartlon.   I  TO, 
Thi>tl»,  J71,  7K?.  7«6. 
Thube,  171,  785.  786. 
I'idei.  iiB  ;  lunar  influenc**,  119  i  iun*i  ai> 

traction,  ill;   spring   and   neap,   uj  ; 

nricniag  and  lagging,  11;  ;  TewAnbfi  of 

Wibewdll  and  Lubbuck,  Xl6  i  diarual  iti> 
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Scientific  Works  printed  for  Janiea  Walton, 
Baron  Liebig*s  Works. 

"  siilc  by  f.Jdr.  M  lonB  u  bnibandry  tliall  lut,  wlTI  tbev  throe  rbibm  dilne  In  oo-equftl 
e\f*tj  :— Antoinc  LavoTsier^  Hnmpbrey  Davy,  Jnrtua  Lfebl^.  To  LnvoWcT  belongs 
the  nublc  InltlHtioti  of  the  work;  to  Tymrj^  Its  Bplyndld  pn>«s-ntioT3  ;  to  Uebl]^.  iu 
gloriniu  coiiAuiDinatioTi,  Embraoln^  in  hts  laasterly  induction  the  naiultHof  all  fonv 
^ne  kOil  oaTitetnporary  loTHtiff^tton,  vnA  rapplying-'its  large  defect*  by  tiu  ovm  ineom* 
p«rtti)e  reM»robo»,  Llebig  boi  balJt  np  on  fmperi*h»ble  foandatidnfl.  u  t  oonneoted 
wWle,  tlM  oode  of  limple  tpaieni  Iawr  on  which  rc$;enenit«d  dfrrioolture  mnit  henoefoith 
for  all  time  npote.'^—Iaifmatumal  Exhibition  Report,  l^U. 

The  Natural  Laws  of  Husbandry.     8vo.  lOs.  6d. 
Familiar  Letters  on  Chemistry,  in  its  Relations 

to   Pbyalology,    EHetotica,    Af^cultaine,  CVinmeroB,    und    Polftkal   Eesoaomj. 
Fourth  Edition,  Enkirgeil.    Small  Hvo.  7i.  M. 

Letters  on  Modem  Agriculture.     Small  8vo.  6s. 


Dr.   Hofinaon's   Modern    Chemistry,    Experimental 

and  Theontla    ITany  lUnirtrattoaiu    Bmall  Mvo.  is.  fid. 
"It  i*  In  tba  troMt  wenm aa  Introdoction  to  chnml^try ;  tind  m  icucli  It  pawewes  tbf 
hitrhcst  vuluc,— A  ratue  which  h  cqaaUy  irreat  to  th^.'  ^ttudent  uew  to  tbo  KJenoCf  and  to 
the  IcctaiBf  who  haus  rpent  yeans  In  ttiwhiog'  It-'" — Hm4er. 

Lardner*s  Animal  Physiology  for  Schools. 

with  190  Illcwtrationa.    Second  Edltioa,    1  t«1.  tang*  mmo,  3e.  6d.  cloth. 

.   "  It  ii  cleartj  writteOf  well  arrangodf  and  exoeltently  well  lUostrntedj/^—Oiircfefterf'' 
Chromclt. 

Lardner's  Museum  of  Science  and  Art. 

In  1  Double  VolBnteM,  ha&dieindy  boond  ia  doth,  with  gold  omamcoti  and  r«d 
odvea.  I*rice  £1  1*.  Coamtimi:— 
Tl»  Flaneto  ;  are  they  Inhabited  Wco-ldji  ?— Woather  Pn^jfnogtlc*— Popular  Fnllndwi  Jn 
QiMitiona  of  PltyslcaJ  Sdenct'— LBtltiidcs  and  Loneritudc*  — Ltinitr  InflimticcA^ 
Mefteoric  Stonps  iiml  Sbootinj?  Stars— nailwuy  AcclilpnUi— LJjfht— CVjnimon  Tbingi : 
Atr— Looomotlnn  in  the  United  &t«t«!* — Cometary  Influcnrt"- Common  Thln^: 
Water— The  I'ottpr's  Art — C\3mmon  Thing* :  Flro— Locomotion  and  Trannport 
thelrIntltM?npcand  Pro|?rp»s— Tbo  Moon — Oommon  Thingn:  The  Earth— The  Elcctxic 
Tdegrapb— TemiirtriBl  Heat— TTie  Sun— Eartliqiiakea  and  Volcanoes— Barometer, 
Safoty  Lamp*  and  WhItwortb'«  Mi<?rometrip  Apparatuf— Steam— The  8t«un  Engine 
— Th*  Byo— The  Atmof»phcre— Time— Common  Thlnga :  Pnmpa— Common  Things: 
Speotar,leH,  Tbo  Knl^Wcwcflpe — ClrjclCB  and  Watches — Mlcroacopie  lYrawling  and 
Engtarlnp— Looomotivo  Them] ometor— New  Planet*:  LeTwrier  aiid  A-donvft 
Planet— Miiffiittiifle  and  Minateiic«»— Common  Thing's :  The  Almanack—Optical 
Imagwi— How  to  ohserre  the  Heareni*— Common  Thingn:  The  LiO(«kin(r  Glana— 
Stellar  UniverM — The  Ttde« — Oolotir— Oommon  ThinRn:  Man— Mapftifjlnw  Olafliw 
—Instinct  and  tntolltgenojs— The  Solar  Microj^-cipp— The  Camera  Lncidsi—Tfu'  Magic 
I^utcm— The  Camrrm  Obsqnm  -Th<*  MicmRoo|je— Tht?  Wblt«  Ant»  :  tht'ir  Mannert 
and  HabitR — TIse  Surface  of  the  Earth ;  or.  Yitvt  Notion)*  of  tieoirrftphy— Science 
and  Poetry —The  Beo  — Stmm  NnvignUon  —  Blf-ctrw-Motive  Power- -Thtinder, 
Llgbtnlnif,  and  the  Anrora  Borealla— The  Printing  Prwp— Tho  Grant  of  the  Eartli— 
Coinet*— Tbo  Btenosoopfr— The  Pre- Adamite  Earth-^EcIipflea— Sound. 

"  The  •  Mdnenm  of  fidenee  and  Art'  is  the  mort  valuable  oontribation  that  hap  cvct 
beim  made  to  the  ^lentiflc  Initmclion  of  every  ciaia  of  aodoty.*'— <«r  Datut  firtwsttr  in 
the  Iforth  ftritiMh  lUrtete, 

"The  whole  work,  bound  In  sli  doHble  Tolnme*,  cwsta  but  the  price  of  a  Kcepiake  ; 
and  whether  we  c<>n>iijer  the  libt'ralJty  and  bennty  of  the  iUn*t.rat  ion*,  the  chnnn  of  the 
wrUing,  or  the  durable  intrjnr<t  of  the  matt«r.  we  mnst  C'xpre»»  oar  belief  tlmt  there  la 
banlly  io  be  fotind  amon^  the  new  boobs  one  that  would  be  weloomcd  by  people  o(  M 
many  agca  and  olaMWR  aa  a  valuable  present."- fjcampirr. 

%*  The  Work  may  ai^  hn  had  in   12  Single  Volumes^  IBs.     OmameTUal 
Moards  or  handtomdif  fcoff -bound  morocco,  6  Volumes^  £l  1 1*.  ed. 
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